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Marcaine, C
PLEASE CONSULT FULL PRESCRIBING INFORMATION. A SUMMARY FOLLOWS:

: CONTRAINDICATIONS: Obstetric paracervical block anesthesia, use in this technique has resulted in tetal
bradycardia d death Known hypersenstviy to the drug or to any amlde-type local anesthetic or to other .6 _

. ~components of MARCAINE solutions WRIG

THE 0.75% CONCENTRATION OF MARCAINE IS NOT RECOMMENDED FOR OBSTETRICAL
ANESTHESIA. THERE HAVE BEEN REPORTS OF CARDIAC ARREST WITH DIFFICULT
RESUSCITATION OR DEATH DURING USE OF MARCAINE FOR EPIDURAL ANESTHESIA
IN OBSTETRICAL PATIENTS. IN MOST CASES. THIS HAS FOLLOWED USE OF THE 0.7S%
CONCENTRATION RESUSCITATION HAS SEEN DIFFICULT OR IMPOSSIBLE DESPITE ,. ,
APPARENTLY ADEQUATE PREPARATION AND APPROPRIATE MANAGEMENT CARDIAC %

ARREST HAS OCCURRED AFTER CONVULSIONS RESULTING FROM SYSTEMIC TOXICITY. %. %
PRESUMABLY FOLLOWING UNINTENTIONAL INTRAVASCULAR INJECTION. THE 0.75% CON-
CENTRATION SHOULD BE RESERVED FOR SURGICAL PROCEDURES WHERE A HIGH
DEGREE OF MUSCLE RELAXATION AND PROLONGED EFFECT ARE NECESSARY

LOCAL ANESTHETICS SHOULD ONLY BE EMPLOYED BY CLINICIANS WHO ARE WELL VERSED IN l

DIAGNOSIS AND MANAGEMENT OF DOSE-RELATED TOXICITY AND OTHER ACUTE EMERGENCIES
WHICH MIGHT ARISE FROM THE BLOCK TO BE EMPLOYED. AND THEN ONLY AFTER INSURING
THE IMMEDIATE AVAILABILITY OF OXYGEN. OTHER RESUSCITATIVE DRUGS. CARDIOPULMONARY -,
RESUSCITATIVE EQUIPMENT. AND THE PERSONNEL RESOURCES NEEDED FOR PROPER MANAGE-
MENT OF TOXIC REACTIONS AND RELATED EMERGENCIES. (See also ADVERSE REACTIONS. %

e PRECAUTIONS end OVERDOSAGE.) DELAY IN PROPER MANAGEMENTOF OSE-RELATED TOXICITY.
Nd need or UNOERVENTILATION FROM ANY CAUSE ANDIOR ALTERED SENSITIVITY MAY LEAD TO THE DE- n l

VELOPMENT OF ACIDOSIS. CARDIAC ARREST AND. POSSIBLY. DEATH. eedin ruiip-d'sp st e an - g'. hLocal-aneothe ..c solutions co taining antimicrobial presernatives, l. those suoped in...yhple-dose
vials. should not be used for epidural or caudal anesthesia because their safety has not been established
with regard t0 inlrathecal injection -intentionally or not

It is essential that aspiration for blood or cerebrosnal fluid, where applicable, be done prior to iectng
any local anesthelic (the original and all subsequent doses) to avoid intravascular or subarachnod injection,
which can occur even with a negative aspiration

MARCAINE with epinephrine 1 200,000 or other vasopressors should not be used concomitantly with F."
ergot-type oxytocic drugs, and used with extreme caution in patients receiing monoamine oyidase (MAO) .
inhibitors or antidepressants of the triplyline or imipramine ty pes, severe prolonged hypertension may result

0 Im pr ed pulm onaily Pending turilier experience. MARCAINE administration in children younger than 12 years is not recommended
Mixing. or a prior or intercurrent use. of any other local anesthetic with MARCANE cannot be recom

f ta s 2  
mended because such .se lacks suthcient clinical data

There hane been reports of cardiac arrest and death with MARCAINE for intravenous regional anesthesia , . F
(Ber block) Since information on safe dosages and procedural techniques is lacking. MARCAINE is not J I
recommended • % .
PRECAUTIONS: General: Safety and effectiveness of local anesthetics depend on proper dosage, correct I.
technique, adequate precautions, and readiness for emergencies Resuscitative equipment drugs, and .
oxygen should be available for immediate ise (See WARNINGS, ADVERSE REACTIONS OVERDOSAGE I
During major regional nerne blocks, the patient shoull huove I V ffuids via an indwelling catheter to assure a
functioning inranenous pathway The lowest elfective airesthetic dosage should be used to avoid high- _
plasma [eaels and serious adverse effects%
Epidural Anestheia: The 0 5h and O 75% solutions should be administered in increments of 3-5 mL with P 1
sufhcient time between doses to detect tonic manitestations 0f unintentional introscular or .trathecal '
inlection Administration should be slow. with frequent aspirations before and during the procedure to avoid , % %
intraascuar injection which is still possible even if aspirations for blood are negative Syringe aspirations .e
should also be performed before and durig each supplemental injection by -continuous (intermittent) am .d. 1.
catheter technique During an epidural procedure. it is recommended that a test dose be administered
initially and the effects monitored before giving the tull dose When using continuous catheter technique, test
doses should be given prior to both the original and all reintorcing doses because plastiC tubing in the ,.4"- .
epidural space can migrate into a blood vessel or through the aura Clinical conditions permining the test .Ua El dose should contain epinephrine If0-15,,g has been suggested) to provide warning o unintendedintas-.

U cular injection It injected into a blood essel, this amount is likely to produce a transient epinephrine0 U se io iw s dosa e ofresponse" within 45 seconds, consisting of an increase in heart rate and/or systolic blood pressure, cir-lo l acurporal pllor. palpitations, and nervousness in the unsedated patient who may exhibit only a pulse-rate
l ctfartle i increase ot2O or more beats per minute for 15 or more seconds Therefore. following the test dose heart rate

should be monitored for any increase Patients on beta blockers may not manitest such changes, but
blood-pressure monitoring can detect a transient systolic rise The test dose should also contain 10-15 mg
of MARCAINE or an equivalent amount of another local anesthetic to detect unintended mtrathecal inlectioneffet ive anesthesia This will be evidenced within a few minutes by signs of spinal block (eg, decreased gluleal sensation. pares s
ot the legs or. in the sedated patient, absent knee lerk) Two or 3 mL of MARCAINE 0 5% with epinephrine
1 200,000 contain, respectively. 10 and 15 mg ot bupoacame HCI and 10 and 15 ig ot epinephrine An
rntruoascular or subarachnoid injection is still possible even with negative results of the test dose, which itself
may produce an epinephrine-induced cardiovascular or systemic toxic reaction or high spinal effect

Repeated doses may cause signiticant increases in plasma levels with each such inlection due to slow I. N..I

accumulation of the drug or its metabolites, or to slow metabolic degradation Tolerance to elevated blood
levels varies with the patient's status Debilitated. elderly, and aculely ill patients should be given reduced
doses commensurate with age and physical status Also use local anesthetics with caution in patients with q'-. -
hypotension... heart blck .

There should be careful and constan monitoring of the paent's cardiovascular an respiratory (adequacy

O1 ventilation) vital signs and state of consciousness after each inlection and kept in mind at such times that 5 C. 5.
restlessoess. anxiety, incoherent speech lightheadedness, numbness and tingling of the mouth and lips i .
meallic laste, tinnitus diuiness, blurred vision tremors, twitching. depression or drowsiness may be -.

warnings of CNS toxocity
Local anesthetic solutions with a ousoconsrictor should be used cautiously and curefully in bordy areas<

supplied by end arteries or with otherwise restricted blood supply digits nose. external ear Dens.
etc ) Patents with hypertensvn vascular disease may exhibit exaggerated vasoconslnctor response schemic
injury or necrosis may result a.

Amide-type anesthetics such as MARCAINE are metabolized by the liver these drugs lespecially repeal
doses) should be used cautiously in patients with hepatic disease Because of an iabdlity to metabolze local
aneshetrcs normally, patients with severe hepatic disease are at greater rik of developing toxic plasma 0
cancen rations Also use with caution in patients with impaired cardiovascular junction because they may be
less able to compensate for functional changes associated with the drug's prolongation of A V conduction

Serious dose related cardiac arrhyirmias may occur it preparations containing epinephrine are employed
in patients during or following administration ot potent inhalation anesthetics In deciding whether to use
these agents concurrently, their combined action on the myocaidum the concentration and volume of
vasoconstriclor used, and the time since injection should be taken into account wh .applci,.bl-

Mary drugs used in anesthesia conducoir are Protentially triggering agents for tamilal malignant hypeDhem e'
Because it is unknown whether amle type anesthetics may Irigger this reaction and because the need o ' '
supplemental general anesthesia cannot be predicted i advance i s suggested that a standard manage
ment protocol be available Early unexplained signs of tachycardia lachypnea labile blood oressure itnd
metaboli acitosis may precede temperature elevation Successfil outcome isdeperdent on early diagnosis. i,
prompt discontinuance of the suspect triggering agent(s) and prompt treatment including oxygen dantroleneI V (see Prescribing information before use) and other spiiorlrve measures
Use in Head and Neck Area, Small do ses. local anesthetcs .ilnteino thy rca iiit... .I... blba, trotriiltv
dental, and stellate ganglion blocks may produce advers reactions similar to syiemi rl-ity seen withb un e H O unintenhonal intravascular iechons of larger tose, Cnnisoin constSion ra.spratiliresion toil. iii
respiratory arrest, and cardiovascular stimulation or depression have been reperid and may the due to

OIM A inraarteral injection of the local anesthetic with reOrgrde Ilow In the cerebral ... ilfitrmn Patent,s
receving these blocks should haue their circulition and resprahion monitored constantly with resuscitative
equipment and personnel immediately avilable d needd On nut exe iitdosage recomnendiatlons (Se
DOSAGE AND ADMINISTRATION)
Us1 in Ophthlmlic Surgery With MARCAIN 0 75X. ior rehlotulbalr block (iimtlele (ini-eal anesthes- -.
usually precedes onsep clinically accepitabl external olai muscle akiesa. Presence of akinesra ilin
determines readiness for surgery
Use in Dentistry: Because ot the long duration o anesthes-a when MARCAINE 0 5q with vlnephrl i.
used dentally, caution patients abou inadvertent trauma t tiongue his and buccal muosa ,dvise them not

00 ftk A1111 11111% Will Yak KY IM to chew sold foods o, test the anesthetized area try biting or rting until anesthes.i his worn nif (up to i
hours)
Information for Patients When alit)vpriate inim them Irn ,rti, eirrril Inlosslrle |tkiclsrrv loss ot
ensation and motor actility (usually in the lower r ody) tIliwing adm instraton of ciaudal nr ec u toiul

anesthesia or other pnssible adverse nccurrence noted in nakage in%(ir1
tClinically Signifieant Drug Interac ions Adminintering ioalh.reshcii srritrns iiurlairg pnihriric

cairnoreprwphirie to Iratirits receivin MAO i ohtriri i triychir ,iniipivsu lrsa may rticiui., % C
1-- - - im ....... _ t ir- , Prolonged hypertension Thus concurrent us shuld generally bi vilerd in %itiltos when sui h thrarv a

P  
t

is necessary cafeful monitoring is essenial (or iuni isilvisnresi 1it irlrn lyie n, iiitiirgs .-. dii.
may caus severe ersisleril htilnrhinsino i eoreriirvasc:ilif auirrtent'hinrthiazrnei andtJinphr.n(ini- - C
may reduce or revers epii[)hrini's priss r iff ( I lie

Ocortinued on next hdael p

87 8 -* 5



Mjaicainiie nUSP rpIprrn2000aias0 ~ttoa geac~
(b u p v a c a in e H C I in je c tio n U S P ) o ne. 1 20 000 C a ll fo r A b s-a ce a.
Cercinogenesis. Mut ginesia. and impairment o Fertility: Long-termr studies in is of mos,,oc, 1986 Scientific f " ,. . "
axeslhetics including bupivacame have not been conducted. There is no evidence from human data that 6 % j-

Prognincy Category C: Decreased pup suroval in rats and an embryocidal effect in rabbits have been A if nCa l of Emerge cy fui a m
observed when bupvacane was administered to either in doses comparable to 5 to 9 times the maximum ."
recommended daly human dose (400 mg) There are no adequate and well-controlled studies in pregnant I jS-.
women of the drug's effect on fetal development. and potential fetal risk must be justified by potential beneit
Th.s does not exclude use of MARCAINE at term for obstetric anesthesia or analgesia See Labor and _
DelivenyLabor an Delivery: SEE BOXED WARNING REGARDING OBSTETRIC USE OF 0 75% MARCAINE, and its Scientific papers in emergency medicine for
confrijndicahon in obsteric paracervical block Local anesthetics cross the placenta rapidly and, when
used to epdura. cauda. or pudendal block can cause varying degrees of maternal. fetal, and neonatal presenAssembly of S.. e_
toxicity (See Pharnacoknehcs n CLINICAL PHARMACOLOGY) The incidence and degree of toxicity ntation at the 14th Scientific A
depend upon the Procedure pertormed and drug tye amount, and technique of administration Adverse the American College of Emergency
reactions in the parturient. fetus. and neonate invohv alterahons of the CNS. peripheral vascular tone. and t

Matercalhypo n... has resulted from regional anesthesia Local anesthetics produce osodilation by Physicians
blocking sympathetic nerves Elevating the patient's legs and left-side posihoning will help prevent decrease

i blood pressure Fetal heart rate should be monitored continuously. preferably electronically Epidural,
caudal. or pudendal anesthesia may alter parturition through changes in uterine contractility or maternal
expolsive efforts Epidural anesthesia has been reported to prolong second-stage labor by removing the
wrtuwtors'tex urge to beat down. or by jtert.rece with motor function Use o t ...... y Septem ber 15-18198

increase need for forceps assistanceSome local anesthetic drugs my diminis.h muscle slorngth and tone for the first day or two of life It is Alna e ri ,.' ':1 '
unreported with buprvacaine Atlanta, Georgia

Of extreme importance Avoid aortocaval compression of the gravid uterus during administration of
regional block To do this. maintain the parturient in the left lateral decubitus position, or place a blanket roll or
sandbag beneath the right hip to displace the grauid uterus away from the great vessels
Nursing Mothers: It is not known whether local anesthetics are excreted in human milk, because many Deadline f s m i
drugs are. administer with caution Deadline for submission of abstracts is May 9,- .1 0 0
Pediatric Use: Without further experience in children under 12, MARCAINE is not recommended for this 1986
group 1986
ADVERSE REACTIONS: A major cause o; adverse reactions to amide-type local anesthetics is excesslve
plasma levels. possibly due to overdosage. unintentional intravascular injecbon, or slow metabolic degradation
Systemic: The most common acute experiences. demanding immediate countermeasures, involve the CNS
andCardiovascularsystems Adverse eents are generallydose-relatedandduetohighplasma levels which Mail five copies of the abstract to Scientific ". .s
may result from overdosage. rapid absorption from the inlection site, diminished tolerance. or unintentional

intranascular injection of the solution In addition to systemic dose-related toxicity unintentional subarach- a.eiw C mm te.mria olgnard injection during per ........ of caudal of lumbr ePilura, block or..... blocks ..... the vertebral Papers Revaiewr nComnmfthiolttnInadeeoo yseicdoe eaAmtoerican. et naCuollhPa eseevegCm iteeemeic nColg e"- "'

column (especially in the head and neck regronl may resuft in underventilation or apnea Also hypotension of E Physcins PO Box 619911 .5 s '.si.
due to loss of sympathetic tone. and respiratory paralysis or underventilation due to cephalad extension of of Emergency Ph scan ,P Box 61 911,
the motor level of anesthesia. may occur, leading to secondary cardiac arrest it untreated Factors influenc- 1, 0 .
ing plasma protein binding such as acidosis. Systemic diseases which after protein production or cmpet- Dallas, TX 75261-9911. r .- .
irt of other drugs for protein binding sites, may diminish individual tolerance ,

Central Nervous System: Excitation and/or depression, restlessness, anxiety. dizziness. tinnitus, blurred
vision or tremors may occur, possibly convulsions Excitement may be transient. depression being the first
manifestationofanaderse reaction Drowsinessmergingintounconsciousnessandrespiratoryarrestmay Abstracts may not exceed 250 words, and may
quickly follow Other CNS effects may be nausea. vomiting. chills, pupillary constriction Incidence of
conulsions vres with the procedure used and total dose administered In studies of epdural anesthesia. not include figures or tables. The abstract -
overt toxicity progressing to convulsions occurred in approximately 01 % of procedures s
Cardiovascular: High doses of unintentional intr.scuar inlection may lead to high plasma levels and should be typed double-spaced with 2-inch
related myocardial depression, decreased cardiac output, heart block hypotension, bradycardia, yen- Ly..-,U
trcuar anrhythmia including ventricular tachycardia and ventricular fibrillatin. and cardiac arrest 4Se margins on 81/2- x 11-inch bond paper. On a
WARNINGS PRECAUTIONS. OVERDOSAGE I I
Allergic: Rare and may occur asa result of sensit ity to the local anesthetic or to other formulation iN e- separate cover sheet, indicate abstract title; all , -- ,
dlents such as the antimicrobial preservative methytberaben contained in multiple-dose vials or sulfites in
epnephr .-containing solutions Possible reactions urticaria. pruritus. erythema. angioneurotic edema authors and their affiliations; the name of the
including laryngeall. tachycardia. sneezing. nause, vomiting. dizziness. syncope. excessive sweating. an te a ti t n e h
elevated temperature, perhaps anaphylactod symptoms (Including severe hypolensonl Cross-sensifivy nter; and the namer address
among members of the amide-type anesthetic group reported. value of sensiivity screening is unestabhlshed presenanddte a ,a drs , n
Neurotogic: Incidence of adverse reactions associated with use of such drugs may be related to the total teleph
dose administered. and dependent upon the particular drug used. route of administration. and the patients ma t frct p o tphysical status Many effects may be related to technique,..ith or without the drug being contrihutoryofn g tai sre rd gth ab rctDo ot- ...

In Performing caudal or lumbar epidural block, occasional unintentional penetration of thesubarachnok fn g tain e adigtea src.Ddospace by cathete o... nedle may occur Sub sen adverse.effects may depnd prtially on the amount forie tf h uh rs na yw yo h a e :-'
drug administered intrathecally and physiologic and physical effects of dural puncture High spinals are id ntf th a tors i nywa nih p g
characterized by leg paralysis, loss of consciousness, respiratory paralysis, and bradycardia Effects %' thabta .bsrc
following epidural or caudal anesthesia may include spinal block of varying magnitude (including high or containing the abstract. Any abstracts not J,
total spinal block) hypoteesion secondary to spinal block urinary retention. fecal and urinary incontinence. ml. %
loss of perineal sensation and sexual function persistent anesthesia. paresthesa. weakness, paralysis of m t c e wn
the lower extremihes, and loss of sphincter control-all of which may show slow. incomplete, or no recovery. . i%"-% % -
headache, bacchehe septic gi meningismus slowing of labor, increased incidence of forces author immediately. Final manuscripts may bedelivery cranial nerve palsies duto fraction on nerves from loss of cerebrospinal fluid i e ayeps
OVERDOSAGE: Acute emergency during therapeutic local anesthesia is generally related to high plasma submitted, but must contain an abstract -
leyels or unintended subarachnoid inection Of the solution See ADVERSE REACTIONS WARNINGS. these
PRECAUTIONS I meeting te ecriteria. .

The first consideration in management is prevention, best accomplished by careful. constant monitoring of
cardiovascular and respiratory vital signs and the patient's state of consciousness after each inlection At the
first stgn of change administer oxygen The first step in the management of systemic foxic reactons, as well % %
as undementilafon or apea due to unintentional subarachnoid in.ectin of drug solution. consists ofmust b
immediate attenton to the esfabiShmenf and maintenance of a patent airway and effective assisted or complete manuscript m s be submited no
controlled ent,,atrn . n 10 ,oxyg en with a delivery system capable of peritting immediate osiire later than the day of presentation at the e "., SF
airway pressure by mask Endotracheal intubafion may be indicated to meet the need for prolonged ventilatory
support or if difficuty iencouteredin the maintenance of a patent airway meeting. Annals of Emergency Medicine, the0necessary use drugs to control convusions A 50. 100 mg bolus IV injection of succinylcholine i11l
paralyze the patient (withoul CNS or cardiovascular depression) and facilitate ventilation A 0 10 mg IV official of the College
bolus of diazepam or 50 100 mg of thiopental will permit venfilation and counteract CNS stimulation but journal American ofllege..
these drugs also depress CNS respiratory and cardiac function add to posfictaldeoresson and may cause E e n y h s i s dte i rt
apea intravenousr boburates antconular t agents or muscle relaxants should be administered onlyhy Emergency Physicians and the University
those familiar with use Immediately after institution of ventilatory measures circulatory adequacy should A for Emergency Med icine, reserves
evaluated supporive treatment may require administration of IV fluids and when appropriate, a vasopres Association fr m g c M icine' res rve
sor dctaied by the clinical situation leg ephedrne or epinephrine to enhance myocardial contractile force)

Recen cnical data from alien ... pe..rcci conxulsions induced h local anesthetics demonstrated the right of first refusal on all scientific papers
rapid development of hypoxia hypercarba and acidosis with hopivacarne within a minute of onset These
observations suggest that 0 crinsumpition and CO, production are greatlyincreased during the .... presented at the Scientific Assembly If Annalssion .and emphasize the importance of immedae ventlation with oxygen I not treated effect only conu
resoIt in cardiac arhyfhmras hradycardia asysfnle ventrlcular fibrillation or cardiac arrest Respiratory tob eem e-,, uh r
a..rmali Ie" includ.ng .vpnea may occur ovnruen.filatio or apnea due to unintentional s barachnoid to publish by December 31, 1986, authors
enlection ol the s cluhon may also lead to these signs and cardiac arrest I ventilatory support is not inst.
toted it cardiac arrest occurs prolonged rsuscitate effort way determine a successfol outcome reserve the right to submit their papers to other %

In treaing systemic toxicify maternal hypotenlson or lelal hradycardia following regional block avoid
a.ro aval compression hy the gravid uterus The suplve position is dangeroos in pregn. women The publications. Information for authors on S -
parhirlenf should be maintamedn the left lateral decuhitus posfion t possibhle or manual displacement of
the uter ....o.tearveslsbe accomlilished ISee labor and Delinery in PRECAUTIONS I manuscript preparation and submission
Comp"'brt onf ftlceIne Solutions: {025)% ach ML cnntains 2 5 mq hupyvacame 0 5r-each mL " -.. ocnnsrmqb............ 075 ....... L.... ns qb .... Al concentrati contain NaCl requirements may be found in each issue of
for iscionictfy ,n Water for Inectron

I omultile (lose vIls each ml also contains I mg methyiparaben With epinephrine. each mL aist. Annals.
contains 0 0091 mg 0p ephrine hllartrah. 0 mg sodumn hisulfile 0 001 mL monothlogIocerol 2 m"
.. ri a c. 001 m i, y Oinum i..1,.. mdO m. dejte cl:.m dsd om

Reee, s : All will be eligible for the $1,000'
I Buckley FP Simpson BR Acute traumatic and posfoperaftne pain management. in Cousins MUA presentations l b.ig.iblifrrhe$100

Brelenbaugh PO (Ms) Neural Blockade in Chnical Anesthesia and Management of Pain Micromedex Award Best Scientific
Philadelphia JB Lippincoff Co 1980, chap 25 for Original

2 PatelJM Lanzafame FUl WiiamsJS ef al Theeffecf ofrncsional,nhftraton of tlpenacanenOn Paper, and all resident presentations will be .
pulmonary functions. atelectams and narcotic need following electrve cholecystetomy
Sung GnecolObstet 1983 1f57 338 340 eligible for the $250 Annals Best Resident %

Paper Award. The Scientific Papers Review
Committee will select all award winners.
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So, We Teach It!
You Want Comprehensive Review

in Toxicology (CRIT)to Learn A 4-day course for practitioners in
Emergency Medicine, Family Practice,
and Emergency Nursing, clinicallyToiAc uzu .0oriented, and guaranteed to be fun,*
covering all aspects of toxicology and
poisonings. In addition to lectures,

Washington, DC two days will be devoted to case
presentations, with participantsSeptember 12-15 critiqued on their differential diagnoses
and treatment regimens.

San Francisco A cassette tape series for the didactic
October 24-27 sessions listed below (days I & 2) is

now available for your personal use.
Produced by the Denver Institute of

Denver Clinical Toxicology, these tapes are
professional quality, taped and editedNovember 14-17 in Denver. With each tape you order,
you'll receive an outline of the

San Juan, Puerto Rico program.

December 12-15 Instructor: Peter D Bryson, MD -
Medical Director, Poison Treatment
Center, and Emergency Medicine Staff,
St Anthony Hospital Systems, Denver.
Dr Bryson, who is board certified in
toxicology, is a nationally-known
speaker in the areas of toxicology and
emergency medicine.

Sponsors: Denver Institute of Clinical
Toxicology and St Anthony Hospital
Systems.

Credit: Approved by ACEP, AMA, and
AAFP for 20 hours Category I credit.

Tuition: Physicians $350"*; Residents
in training and nurses $325* *

ORDER FORM I would like to order __ Single Tape(s) ($16)

Sign me up for your cy__ Three-tape Mini-Series ($42)
(.'it____ Four-tape Midi-Series ($75)

course and make my reservation Twlv-Tape Series ($5)

in the name listed below, date - Twelve-Tape Series ($150)
on the sessions checked below:

My check money order (US funds) for is enclosed. 1. Management of the Overdosed Patient

__ Please send me more information on courses. - 2. Pharmacokinetics Toxicokinetics
- 3. Tricyclics Anticholinergics

Name: _- 4. Acetaminophen
- 5. Salicylates

Address: _- 6. Iron
- 7. Cyanide Laetrile

- 8. Alcohols Aniongap)
9. Insecticides

Ptbone_ ) j_ 10. Hydroarbots

CRIT ", Peter D Bryson, MD *Inquire about our "No-Fun" refund -I I. Drugs of Abuse (2 talps)
p)licy.

2213:1 Crestmoor Road ""A reduction in tuition is offered My ('heck monev order (LIS funds) for is
Golden, CO 80401 for early registration. Registration is

limited: therefore, early registration
303,526-1840 is strongly recommended.



CALENDAR OL .
For a list of ACEP Category I approved education programs available CA Sponsor Law & Business Inc Harcourt Brace Jovariovicir Put) Fee $395
for HOME STUDY, contact Headquarters Contact Brenda D Kovatcrr Seri) Asst Law & tBus,rrcrss 855 Valley Rd Cr! ton i'J

The following courses are automatically granted ACEP Category I 19851 20)4 2 70
credt o anhou-fo-hor bsiswhenfolowig te Aerian ear SEVENTH ANNUAL EMERGENCY PEDIATRICS. September 20-21,1.
creit n a hur or ourbais henfolowng he meica Hert Boston. MA Sponsor Boston Urrv Scrr of Med Fee $145-$220 Corrtact Mary l

Association protocol ACLS Instructor. ACLS Provider: BCLS Instruc- Hiii.DeptotCME Boston UnivScholMed 80E CorcordSt Boston MA02118
for The following courses are automatrcally granted ACEP Category 1 1617) 247-5602 (11.5)
credit when following the American College of Surgeons protocol *VSUA N UMNR IESS IGOI N AAE

ATLSInstucto (2 hr)ATLSProider(19 r).MENT: September 20-22, 1985. Las Vegas NV Sponsor Urrrv of CO Scn of
Courses approved for ACEP Category I credit are indicated by S. Med & Med Ed Resources Fee $1905$295 Coirract Sleprrer [ Mat!ingry
ACEP Category I approved credit hours are indicated in boldface after 5808 S Rapp St. Ste 202. Littieton CO 80120 (3 03i 798-9682 (13)
each listing. Color indicates ACEP-sponsored or -cosponsored * POSTGRADUATE INSTITUTE FOR EMERGENCY AND PRIMARY CARE
courses PHYSICIANS-SYMPOSIUM I. September 23-27, 1985. Sari Diego CA Spon

The Calendar is prepared ujy the ACEP Education Department For 01ori UCSD Lch Jol Med Fee9 (14524 C3rtac C(33S) ffo E
more information, contact Education Department. American College 01n EMRCY LaEJICAN 92093W 16 ptm91 42-90(32,95 Omh NE
of Emergency Physicians, P0 Box 619911. Dallas. TX 75261-9911: MREC EIIERVE.Spebr2-818.OaaN
(214) 659-0911 Sponsor Univ of NE Med Ctr Fee $325-$4 75 Contact Marge Adey Ctr for ,

CE. 42rnd & Dewey Ave Omaha NE 68105 (402) 559-4152 (45) 4
Il POSTGRADUATE INSTITUTE FOR EMERGENCY AND PRIMARY CARE -

PHYSICIANS-AD VANCED EMERGENCY MEDICINE PROCEDURES LABO- -S E "iEM BuER RATORY. September 24-26, 1985. Sani Diego CA Sponsor UCSD Och ofMed S
Fe e $200 Contact Cindy Saxe Off of CE M-01 7. UCSD La Jola CA 92093

a EMERGENCY CARE: AN EXTENDED WORKSHOP. September, 1985. 169 5-3940 (3)0
Boston. MA Sponsor Harvard Med cCh Fee $950 Contact Barbara In FIRST NATIONAL CONFERENCE ON PEDIATRIC TRAUMA. September Ap
Wagner, MA Gen Hosp. Boston MA 02114 (617) 726-3905 (80) 26-27.,1985. Bostorr. MA Sponsor Kiwanis Ped Trauma inst. Kiwanis Irtnt'

TOPICS IN EMERGENCY MEDICINE - 1965. September 4. 1985 Hanover Found. New Eng Med Ctr Fee $385 Contact Richrard Murpi PA t171 ~~
NH Sponsor Dartmouth -Hitchcock Med Ctr Fee $60-$75 Contact Janet F HarsrAv.Bx13BotnM02116795-80()
Thibodeao. Prog Mgr. OCIEHS Dartmouth- Hitchcock Med Cir Hanover NH
03756 (603) 646-5744 10

In CHILDHOOD RESUSCTAT1ON AND STABILIZATION. September 6-8, 1985. -'

Oriando FL Sponsor ECE Inc Tampa Gen Hosp U.SF Coii of Med, Tampa Em EniergencyM dcn
Assoc Fee $250 Contact Natlia IN Cruz, MSN. ARNP P0 Box 18566, e in
Tamnpa. FL 336 791(813) 251-6911 (13) P r IB adR ve

a CARDIOLOGY TUTORIALS IN THE WILDERNESS. September 7-14, 1985.
Colorado Sponsor UCSD Sch of Med Fee $395 Contact Cindy Saxe. Ott of
CME M-01 7. UCSD Sch of Med. La Joiia. CA 920931(619) 452-3940 (24) by the --

Il SCIENTIFIC ASSEMBLY. September 9-12, 1985. i,1 -1 i NV !Ii-. - -'o -

Ni 'IT A(i if I-S~nlA i ,(' M ~'E i J1 -~,r.Mrr D~ep~artment o m rgency Mdi cine .. ~-
(29) Harbor/UCLA Medical Center

a CURRENT CONCEPTS IN EMERGENCY MEDICINE. September 13. 1985.4

1 ri-, ir Ar. V '''r II 7 -trTorrance, California

ATLS PROVIDER COURSE. September 13-14,1965. Los Angeies CA Spon ATreSe prahT aimz efriac

sni ECEC Fee $475 Contact ECEC. 4640 Admiraity Way #305 Marina dei
Hey CA 90292 (213) 822.1312 0Discussion of board philosophy and procedures. .z

Il COMPREHENSIVE REVIEW IN TOXICOLOGY. September 13-16, 1985. gnrlapoc oteeaiao.cmo ~.\~
Warshingtorn DC Sponsor St Anthonys Hosip Sys Deniver inst of Clinical mistakes and tips on maximizing your score. .

roxicoingqy Fee $3005$350 Contact Peter ID Bryson, MD HI 5 Box 732 A, e Review of videotaped simulated examination .-..-
GoldenTr CO080401(1303) 526-80() sessions and explanation of the sconing system.~*

a CARDIOLOGY TUTORIALS IN THE WILDERNESS. September 15-22, 1985. a Private, individual examination encounters with
Verrmrirt Stioririr UC9D Sch of Med Fee $395 Corrtact Cindy Saxe Oft of immediate feedback on performance and-
CMI M (11 i.JL.SI Sch ot Med La Joll CA 92093 (619t 45d 1940 (24) counselling in areas of weakness.

Is THE MANAGEMENT OF SEVERE TRAUMA. September 16-18,1985. Bwrirtrr
MA Nt ir ir,or Harva~rid Med ScP Deprt of CC F re To heteairirned Coritar 1 985 Session - Los Angeles California

No '~rrSri',i HStiep f F64 frrrirgrurAv lute A ~'tNOctober 4. 1985 / JanuIary 1986%
Fi1t 7iT:')%~ (20) $500( %~

s BATTLEFIELD MEDICINE. September 16-20, 1985. Warnes Af if tIX Stis r
fir, g,.', AV If TX Crirtcr I ('tira irirrier MD) Mar USAI MC iJOAf S3AM For information contact.
li ffK ixuk, Ali R T '(fr f i'(th ,') 674t) (21) Bruce E. Haynes. M.D..

BOARD REVIEW COUR1SE. September 18.,1985. liii r A/ ,' Stirre I rr P.O. Box 10005, Torrance, Ca. 90505 -. % P

iii F-,. IIAA C ,Irirti ff,ti,'tK N ir, MI)1' I lV,rV-' (213) 533-3501 '

ENTREPRENEURIAL HEALTHCARE. Septemberl19-20, 1985.,. a Ii,,N~~ti~,i~riC-'ri'irf~,i ~trr.,.' r..r
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" ADVANCED CARDIAC LIFE SUPPORT PROVIDER COURSE. September .
27-26, 1965. Asheville. NC Sponsor Mountain Area Hith Edluc Ctr Fee $200 OCTOBR
Contact Sherrill L Gerrtry, ACLS Admin Secy Mountain Area Hithr Educ Ct, 501
Biltmore Ave. Asheville. NC 28801 (704) 658-2677 (16) AEROSPACE MEDICINE PRIMARY COURSE. October 2-Novemnber 21,1965.

" SIMULATED ORAL BOARD SEMINAR. September 28, 1985. c-. i.Or, BrooksAFB.TX Sponsor USAF Sch of Aerospace Med Contact Crr, opht-r
Spiiu OH ACI P l'-oh S,'o 00 OC,i,! Jow A' W f r I HI19; P Bell. USAFSAM/EDK. Brooks AFB, TX 78235 (512) 536 2844
Dlar Ho 6f', RO #310 C.'). 1r, .1:,) (li-i j Lu i 0i01t (8) a EMERGENCY MEDICINE: CHALLENGING CLINICAL PROBLEMS. Octotier.1%J

* EMERGENCY MEDICINE UPDATE: WOUND REPAIR IN THE EMERGENCY 3-6. 1985 Falienr Leaf Lake. CA Sponsor Univ of Califo"-a LItc of CML Fee4
DEPARTMENT. September 28, 1965. Sponsor Univ of Pittsburgh Sch of Med. TBA Contact Yvonne Malesko. Ctfc of CME Sctiooi of Med 2701 Stocirtoi"
Div of CE & Ctr of Em Med of Western Pennsylvania Fee $75 Contact Molly T Blvd. Sacramento, CA 95817 (916) 453-5390 (16) ,II
Vogt, PhD. Dir, Div of CE. 1022 Scaife Hall, Pittsburgh. PA 15261 (412) a SIMULATED ORAL BOARD SEMINAR. October 5. 1985
624-2653 (6.5) '- . . . .I " -

* EMERGENCY MEDICINE REVIEW. September 28-October 2. 1965. % % . . . (), ~
coq ,,iL,.. OH- S;r,,,ur O)r' AC ' ' .I, in~I AN ADVANCED PEDIATRIC LIFE SUPPORT COURSE. October 7-9, 1965.

0 11,1Ai.LI- ('1, I ,1 .'Qi,,v. , 0. S~ il' ,,.,,' *,Baltimore. MD Sponsor Johns Hopkins Med Institutuis Fee $1S .iriac I
t141 84l-t) (49) Noreen Javornik. Off of CE, Turner Bldg 720 Rutland Ave Baltimreri MtC;'l~ 1,10 -. e

SIMULATED ORAL BOARD SEMINAR. September 29, 1985. A-, (.' 301) 955-6046 (19) %
tO" ' i AC [ P i-' wo2 $10 L,,i'l i, ! ' ii , . ' PREPARING FOR THE BOARDS - EMERGENCY MEDICINE 1985 October r

In THE CHILD AT RISK: PHYSICAL AND SEXUAL ABUSE. September 30- , . .
October 1, 1965. Boston. MA Sponsor Boston Univ Sch of Med Fee $75 E EMERGENCY MEDICINE REVIEW. October -12 119615. Ornpria N1 Stxii,,il
Contact Alicia Leahy. Dept of CME BostonrUriv Sch of Med 80 EConcord St, Univ ofNE Med Ctr Fee $325-$475 Contact Marge Ade5 (.ir for C) ti(it
Boston, MA 02118 (617) 247-5602 (12) Dewey Ave. Omaha, NE 68105 (402) 559-4152 (45) .*

a CURRENT TOPICS IN EMERGENCY MEDICINE. October 9-11. 1085.*.
Chlarlottesville, VA Sponsor EMS-Ui of VA Fee $200 $225 ( ild I

ALPH CENAURIRobert D Powers. MD, Box 523. OVA Hosp Chiarlottesvie VA 22.901 (8041
ALPH CENAURI924-8485 (15)

preseonts T14E SIXTH ANNUAL CONFERENCE ON4 CRICL CARE TRANSPORT.
A PEPRAORYCORS FO PRTIIOctober 9-11, 1985. San Francisco. CA Sponsor Dept of Critica, Cajre Tian,,

port. Stanford Univ Hosp & Contemporary Forumns Fee $275$291) Contact
of the Margaret Blair RIN. BSN. Program Administrator Contemporary Forumns 219

EMERGNCY EECIE DORD EAMINTIONCanyon Vista Place, Danville, CA 94526 (415) 820-2800 I

SEction N IEIUEBAD XMITO CURRENT CONCEPTS IN EMERGENCY CARE. October 10-11. 1985. % '

8 hours of lectures, demonstrations and discussions designed to %~'r A .- 1,' , .
address key areas of Part 11 of the Board Exam, ncluding: ,,' .... A. 2.

*Efficient Data Acquisition in Critical Situations
*Treatment Priorities al ATLS PROVIDER COURSE. October 10-11, 1965. Kansas City KS Sponsor
*Communication Skills Univ of KS Med Cir Fee TBA Contact Jody Scott. Univ of KS Med Ct. Dept of
*patient Management Surgery, 39th & Rainbow Blvd, Kansas City, KS 66103 1913) 588-6124 (16)
*Common Ermrs; a VASCULAR AND PULMONARY DISEASES: DIAGNOSIS AND MANAGE- -. ~ '*Note Sheet Organization MENT. October 11-13, 1985. Orlando, FL Sponsor Univ of CO Sch of Med &
*The Exam Pocess Med Ed Resources Fee $t90-1295 Contact Stephen E Matringly 5808 S5

Section 11 Rapp St. Ste 202. Littleton. CO 80120 (303) 798-9682 (13)
Optionall private 1ik2-hour simulated Board Exam including:

Three complete Board-Exam-Type Questions a TEXAS CHAPTER WRITTEN BOARD PREPARATION COURSE. October 11
* Personal Critique Using ABEM-Type Scoring System 1985. ..-

* One-to-One Student Examiner Instruction . . .- (6)-.
Course taught by emergency medicine residency-tralned physi- * ORAL BOARD EXAM PREP COURSE (INDIVIDUAL). October 12. 1985
cians. * All faculty ame diplomates 01 ABEM. * All courses held in San .

Diego, California. * Over 90% pass rate for students who have tae (8)

DATES a TEXAS CHAPTER ORAL BOARD COURSE. October 12, 1985,~
Tutorials Fab13 Sell;I Sep17 Sec I
Available Feb14 Sec 11 Sep18 Sect 11 .8 , f(-.

Jun 10 Sec I Dec 6 Sec I * CARDIOPULMONARY EMERGENCIES. October 12-19, 1965. Grand Ciyruin
Jun 11 Sec It Dec 7 Sec I I island Sponsor UCSD Schr of Med Fee $275 $325 Contact Off of CIVL

TUITION M Ut7 UCSD Scri of Med La Jolla CA 92093 (6191 452.3940 (21)
Sec I MSO Sec 11 $250 BOARD REVIEW COURSE. October 16,1965. Phoenix AZ Sponsor C Meit
Fwfr Iiffer Iformtiton contact qency Physiciaris. Inc Fee IBA Cootact Robert K Nsinvos MD 1741 E Morte ,.

TH Webstr, MD, FACEP, Co-Director, or Avenue Phoenix AZ 85020 1602) 952-8047
Frank Mannix, MD, FACEP, Co-Director

619/436-1328 In PEDIATRIC ADVANCED LIFE SUPPORT. October 24-25.,1965. ';! Paul MN
Suite 2005,103 N Highway 101 Stponsor Childrens Hosfp Of St? Pij MN Foe $50 $150 Contart I eslw

Encinitas, CA 92024 1 ,hmnia MD 3.15 N Snitri Ave S t P'aii MN 51261)98_136 (16)%* P

the i OoafS Boar of0 ffirired wi ar iS~e CAMPBELL'S ENDURANCE SPORT AND FITNESS SYMPOSIUM. October

gopas rts or4weyeas.19615. Korii ItI 'Spon of Univ of Caliitoirva Irvine Sr) ofi Med Fee % r
W% pss aft or wo yars $24 Coj~j(t jMai-sinio MD 8196 Town and uoits Offlice Park%

Ura~nite (A ',1268 188 999.3,1321
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WRITTEN BOARD REVIEW
EMERGENCY MEDICINE

1' ,

The Philadelphia Examiners have prepared three hundred
questions which we feel are of comparable difficulty to the
ABEM exam. Two hundred questions are grouped by cate- . ,
gory and follow the percentages guideline given by ABEM -'"-
(e.g., 13% cardiovascular, 7% trauma, etc.). Questions
come complete with a separate booklet of novelette size
answers and explanations of possible pitfalls.

Many physicians have expressed their special .
apprehension in the fields of toxicology and neurol-
ogy. To meet this end we have included an additional
fifty questions on toxicology focusing on the inges-
tions causing metabolic acidosis, hypersmolality,
and delayed toxicity. A full twenty-five questionsexplore the differences of the stroke syndrome

and the diagnostic clues of coma. Further
questions round out your knowledge of
meningitis in different age groups, vaginal
bleeding in the different stages of
pregnancy, and the distinctions of

dementia, delirium, and behavioral disorders.

All of the answers are referenced in
both Rosen's textbook, Emergency

Medicine and the ACEP study guide. Studying -
one or both of these texts, followed by the

review questions, will provide active feedback
and help in the assessment of your core knowledge.

We have also prepared a unique set of professionally recorded audio cassettes. These six hours of -

written review invite active participation as the lectures are filled with questions for the listener. Pauses of
sufficient time allow the examinee to answer. A comprehensive answer booklet is included. These
cassettes should be listened to over and over again in the comfort of your home or automobile. Remember that
repetition is st ill the mother of learning and nowhere is that more evident than in toxicology and pharma- a
cology. A full ninety minutes is devoted to the intricacies of the alcohols, analgesics, mushrooms, plant toxins
and street drugs. A well stocked memory bank with quick retrieval is essential to make that score of 75 closer.

Nldadeitilia

P.O. Box 40124
Philadelphia, PA 19106

o WRITTEN BOARD REVIEW $95.00 716/649-6423
300 QUESTIONS WITH ANSWER
BOOKLET. Name "-__ _-__ _.

o AUDIO CASSETTES $125.00 Address .-_-__

SIX HOURS OF LECTURES AND
QUESTIONS WITH ANSWER

BOKLTCity State...ip -BOOKLET

o BOTH $195.00 VISA/Mastercard # Exp. Date:________ " ,

Signature .

*_,*** ***,, .. *., ,'/,, ..'.':'i,\S ..,5',: '..- .-. . -. . . - . . . - .-. . . ,. .. . • . -... . . .' -.....
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" BASIC EKG INTERPRETATION. October 24-26, 1985. Chattanooga TIN UPOSTGRADUATE INSTITUTE FOR EMERGENCY AND PRIMARY CARE
Sonsor Chattanooga O)rt ot univ of TIN Cod of Med Fee $250-$300 PHYSICIANS-ADVANCED EMERGENCY MEDICINE PROCEDURES LABO-
Contact Margaret L Ciark Chatta Unit of UT Coi of Med 921 E Third ST Ste RATORY. October 29-31, 1985. San Diego CA Sponsor UCSD Scn of Med
400 Cnattanooga TIN 37403 (615) 756-3370 (17) Fee $200 Contact Cindy Saxe Off of CE M-01 7 UCSD La Joila CA 92093

" THE FIRST NEW YORK CITY MARATHON SPORTS EMERGENCIES SYM- 1t9) 452-3940 (3)
POSIUM. October 2526,1985. New York NY Sponsor NYU PG MedSch Fee a*EMS TODAY. October 3O-November1, 1985. Atlanta. GA Sponsor DCSD Sch -.
S:$43-$190 Contact Sandra Pelerfreuno NYLIPGMS 550First Ave New York of Med Fee $210-$2.10 Contact Catherine Petoccni Off of CME M-017
N Y 100o16 212) 340-5295 (11) UCSD La Jolla CA 92093 (619) 452-3940 (15)
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Foreword

n writing a preface to the publication of the manuscripts cal uncertainty Advancement comes when we can freely say,
from the 1985 UAEM/IRIEM Research Symposium, which "It is not like so. Ah - so," as did Copernicus, Galileo, Newton,

it was my pleasure to chair, I have decided to share a reflection Kepler, Pasteur, Lister, Michelson and Morley, Einstein, Freud,
on the nature and role of science in emergency medicine. Schredinger, Watson and Crick, Kung, and many others.

In science, we attempt to grasp at the nature of reality with What you will read in the following pages is not likely to
observations. What we may easily miss is that, while our provide ready, practical formulas (protocols) to solve our prob-
observations are existentially certain (we saw what we saw), lems, nor is this conversation with and about reality con- %,%
our grasp on the nature of the reality reflected in the observa- cerned with any petty socioeconomic-political agenda.
tion (the hypothesis) is forever radically uncertain. The fact Rather, here is a discussion about the reality we engage when .
that something has happened is clear; exactly what it is that we try to resuscitate patients. Here is the driving conceptual
happened is not. process by which the future of emergency medicine will be

Thus in science one is continuously engaged in the dialectic formed and ensured.
described by Hegel: Specifically in these terms, I especially want to thank the

I. It is like so (A); participants for their commitment to the study of resuscita- ". ,
tion issues. I have learned from and admired each of them.

2. It is not like so (not A); The leaders of UAEM and IRIEM deserve our thanks for their3. Ah - so (like B). support. The US Army Medical Research and Development !2FV,_O
And Ah - so becomes the first impression of a new series. Command, in the person of Colonel Tom Camp, MD, sup- Z
Scientists are engaged in a conversation with and about reality ported this symposium with a grant which made it all possi-
in which the current understanding is always surpassed. ble, and we are grateful.%

Understanding this is critical to growth; we must become I also want to thank Annals of Emergency Medicine for
personally comfortable with radical uncertainty about the providing prompt publication. Editor Ronald Krome, MD, and
nature of reality. In other words, we'll all get it wrong. A good Managing Editor Nancy Perkin have been tremendous and
hypothesis accounts for several diverse observations, and is gracious in their assistance.
amenable to further testing. We can never prove the hypoth- We invite you to read, enjoy, and ponder this conversation
esis; rather, we design tests of the hypothesis (ideas about the with, and about, the nature of the reality underlying the work
nature of reality) which give us the opportunity to make new and future of emergency medicine in resuscitation.
observations that might falsify the hypothesis. Good scien-
tific design, then, is aimed at the possibility of being able to ., %
say, "It is not like so." Blame C White. M)

History is helpful in understanding this. The dark ages Special Is.su' Editor
come when we assert that our grasp on reality is certain and As.ociate Irofessor, Emergetcy, Medicinc
right, and when we enforce that assertion by structural or Michigan State University College of t11n1an Medicine
legal means. Enlightenment occurs when we admit our radi- East l.atising, Michigan
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Session 1: Shock

Tt is fascinating that shock, considered at one time to have been fully elucidated. Naloxone (and perhaps other opioids)
I been "researched out," is now fully resuscitated as a field of may play a role in the improvement of the patient's hemo-
study It would seem that not all the questions have been dynamic state in a variety of shock states, Dr Bernton's paper
answered; more importantly, neither have all the questions examines these findings, and provides a nice review and stim-
been raised. ulus for future study. We arc perhaps just beginning to break

I would guess that the new (or rather, the continuing) inter- ground in this arena.
est in cerebral and cardiac resuscitation has generated new Perhaps the area of study that offers the most challenge and /1-.

interest in this older topic. Early investigations examined a opportunity for new therapeutic avenues is elemental-cellular
wide variety of possible therapeutic avenues, without a com- study. The role of calcium, which has received a great deal of
plete understanding of the pathophysiology of the problem. attention recently, was discussed by the panel and is presented
As bits and pieces of the shock puzzle fell into place, some here. It seems, as Dr Wilson points out, that shock is a cellular
therapies were replaced by others that were considered newer disease, and thus it requires cellular therapy (ie, therapy
or more contemporary But all the data are never in, and should be directed to improving the function of the cells. ,
investigations into the field are now entenng into a new phase Although blood flow and oxygenation are important elements
at the cellular level. of cellular function, the ability of the cells to perform cellular

The UAEM/IRIEM panel that dealt with shock represented energy function also may depend on a variety of so-called
a variety of investigators examining shock at both the clinical "trace" elements. Among those now being studied are cal-
level and the cellular level. Their papers, which are here cium, magnesium, and iron.
available for scrutiny, will likely open new vistas of research. Unlike Mr Spock of "Star Trek" fame, whose metabolism
Clinicians and investigators should profit from their work was based on copper (in addition to having his heart on the
while maintaining a historical perspective on the problem. wrong side), ours would appear to be not only carbon-based,

A cursory review of the past 20 years of shock research but iron-based. Who knows what changes in iron cellular
suggests that we have gone from every shock patient getting metabolism occur as a result of impaired oxygenation at the
vasopressors to every shock patient getting crystalloids or cellular level? Can it be reversed?
colloids, depending on which school you believe in. Now we The pulmonary effects of shock and its sequelae are out-
are tailoring therapy to the patient's problem, as best identi- lined in Dr Ward's paper on adult respiratory distress syn-
fied in the clinical picture. We have gone from no hemo- drome. The pleomorphic effects of shock do not appear to be
dynamic monitoring to monitoring all hemodynamic param- targeted at a specific organ, but rather they seem to involve a
eters, with catheters inserted into both natural and unnatural variety of organ systems. These include not only the lungs,
openings. Blood gas studies, which were virtually nonexistent but also the kidneys, heart, and brain. This is a fact that should ". ..-
ten to 20 years ago, are now a standard of care in virtually all surprise no one, for recent and past studies have all supported
emergency departments and intensive care units, the cellular nature of this entity.

Dr Robert Wilson, who has done work in this area for a long The past ten years in shock research have taken us from %
time, has very nicely reviewed the clinical problems related to knowledge that all the significant questions were answered to
shock, and has summarized the current clinical status of wonder at the cellular basis of all life, including the home-
monitoring and therapy. He has stressed for us the high mor- ostasis of the organism. The new frontiers of research seem to
tality associated with this syndrome, a mortality that has include cellular energy and cellular life, with the so-called
improved only slightly. Most improvement has been in the "trace" elements perhaps playing a dominant role in injury
area of hypovolemic and hemorrhagic shock related to trau- and resuscitation of the entire organism.
ma. There can be little doubt that the best treatment is pre-
vention, with the limitation of blood loss by early surgical
intervention. Rapid fluid repletion while controlling con- Ronald L Krorme. M)
tinued blood loss still would appear to be the best therapy. Chiefl l)epartnnt of Ernergetncv Medicint

Although nalxone may hold some future promise, its val- Willham Be1anm, t H,, 17,tal %
ue in hypovolemia during shock but prior to arrest has not Roval ()ak, Michigan
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SPECIAL CONTRIBUTION
intravascular volume; shock
tissue perfusion

Science and Shock: A Clinical Perspective
d

[Wilson RF: Science and shock: A clinical perspective. Ann Emerg Med Au- Robert F Wilson MD
gust 1985;14:714-723.1 Detro, Michigan

INTRODUCTION From the Department of Surgery. Detroit
Shock that is not readily reversed with fluid administration may be associ- Receiving Hospitat and Wayne State %

ated with mortality rates as high as 70% to 90%. Early diagnosis and rapid University School of Medicine. Detroit,
aggressive therapy offer the best chance for success in these critically ill pa- Michigan
tients. Physicians working in emergency departments are at a particular dis-
advantage in that they must often make a diagnosis and begin therapy with Presented at the 1985 UAEMIRIEM
little or no baseline data or clinical information. Research Symposium in Orlando. Florda.

Shock generally is associated with inadequate tissue perfusion; however, February 7-8% 1985
many patients with shock who are in early sepsis'. 2 and some who have %
acute myocardial infarction"A do not have the cold clammy skin and exces- Address for reprints Robert F W,lson MD
sive vasoconstriction characteristic of low cardiac output and poor perfusion. Department of Surgery. Wayne State ,. "

University 4201 St Antoine. DetroitCardiac output measured in patients in early septic shock is often found to Michigan 48201
be normal or increased, and the total peripheral vascular resistance is usually
quite low.t The skin, as might be expected in such a hemodynamic situation,
tends to be warm and dry, and this type of shock has been referred to as
warm or hyperdynamic septic shock. On the other hand, some of these sep-
tic patients will go on to develop a low cardiac output, excessive vasocon-
striction, and cold, clammy skin. When hypovolemia is corrected in this
hypodynamic group, the cardiac output may rise relatively rapidly to normal
or hyperdynamic levels. %

Thus shock might best be defined as a severe pathophysiologic abnormali-
ty with abnormal cellular metabolism which is usually due to poor tissue *

perfusion, but may also be caused by such other factors as sepsis. The con-
ceptualization of shock in biochemical terms has the advantage of dc-empha-
sizing the cardiovascular changes. These may not be clinically apparent until
relatively late. Stressing biochemical changes that tend to occur much earlier %
forces closer scrutiny of the patient.

DIAGNOSIS " -
The criteria most frequently used to diagnose shock clinically are the fol-

lowing: 1 a systolic blood pressure of less than 80 or 90 mm Hg, 2) severe
oliguria, 31 metabolic acidosis, and 4) evidence of poor tissue perfusion (cold,
clammy skin or clouded scnsoriuml. UnfortunatCly these signs are often not
detectable until relatively late, particularly it the patient is septic. If the diag-
nosis of shock is delayed until all or most of these signs are present, the
chances for a successful Outcome arc greatly reduced, particularly in septic
patients.

Blood Pressure
Systolic, Pulse & Diastolic Pressures

The arterial blood pressure is evaluated in three parts: diastolic pressure,
which correlates with the amount of arteriolar vasoconstriction present,
pulse pressure (the difference between the systolic and the diastolic prs-
sores), which is primarily related to stroke volume and to the rigidity (it the %.'o

aorta and its larger branches; and systolic pressure, which is determined hy a.
combination (of all these factors. ()f the three, pulse pressure is the most "
important because it provides some indicatiotn as to whether blood 1low 1.
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SHOCK
Wilson

increasing or decreasing. Although tremely low, often less than 50 mm estabhlished shock is netabolic acid-
cardiac output and stroke volume Hg; ill the remaining Y%, to 10%',, in- osis. It is now rccognized, howcver,
tend to decrease with advancing age, traarterial pressure may be relatively that early shock is characterized by
pulse pressure tends to rise in the el- normal or even high. respiratory alkalosis, particularly it
derly because of increasing rigidity of sepsis is present. lhe respiratory al-
the aorta and its larger branches. Intraarterial Blood Pressure kalosis is generally not a cotmlpnsato-
Stroke volume and pulse pressure cor- If ally ditticulty IS encountered in ry mechanism for acido~sis or hypoxia,
relate poorly when large groups of pa- obtaining a consistent and clear cutf it is a nonspecitio response. It the
tients are analyzed; in an individual blood pressure, and if the patient's 1(.), is driven below 25 im Hg, this
patient, however, changes in pulse condition does not improve rapidly severe hypocapnia liy in itself cause
pressure often correlate well with with therapy, an intraarterial catheter hemodynanic impairnent, especially
changes in stroke volume. For exam- should be inserted, reduction ot cerebral blood tlow.
pie, if a patient's blood pressure Although the mean pressure ob- %.%
changes from 120/80 to 120/1(X) mm tamed with a radial artery catheter Metabolic Acidosis
Hg, the stroke volume may have de- usually correlates rather well with the As shock progresses, anerobic me-
creased by as much as -o0''.,. central aortic pressure, the pulse pres- tabolism results in lactate accumula- %

sure and systolic blood pressure oh- tion and development aft metabol ic
Pressure Changes with Hemorrhage taned with a radial artery line is often acidosis. tflood lactate determinations

In hypovolemic shock, maior de- more than 10 to 2(1 mm Hg higher may be very helptul as an indicator ofl
creases in stroke volume (and hence than central aortic blood pressure. the patient's progress and prognosis."
pulse pressure) otten occur long before Thus cuff blood pressure often corre- In the early phases ot the metabolic
there is any significant fall in the sys- lates better with central arterial blood acidosis, the acid-base abnormality
tolic pressure. l)iastolic pressure gcn- pressure than does a radial artery call often be corrected simply by in- e _.
erally rises initially with hemorrhage. blood pressure. Consequently there is proving tissue perfusion. Later, how-
This is caused by increased sym- increasing use of catheter insertion ever, correction by administration ot
pathoadrenal stimulation., Conse- into more proximal arteries, such as sodium bicarbonate may III necessary,-
quently, even though stroke volume the axillary artery (using the Scldinger particularly it the arterial pH tails be-
and pulse pressure decrease, systolic technique), or the aorta itself to obtain low 7.1(1.
pressure may be relatively well main- more accurate measurements.
tamed. Because the potential for vaso- C
constriction is limited, continued Urine Output Combined Metabolic Respiratory
blood loss will eventually result in a Correlation with Cardiac Output In the final stages ot shock, blood
signitmcant decrease in both systolic The timed urine output (without di- g n s c h n
and diastolic pressures. uretics) often correlates well with the gas analyses typically show an eie-

In previously normal patients, sys- renal blood flow, which in turn is de- vated P.,, a l w HCit , and and very
telic pressure is otten maintained rel- pendent on cardiac output. With any respiratory acidosis is allawed to d.-

-,tivly well until a blood volume def- decrease in renal blood flaw or pres- velop, the prognosis tr ultinlate sur- ..--

icit at at least 15 %, to 25' %, has sure, the renal arterioles constrict,
developed.' Thus, in the average 70-kg thereby reducing glomerular blood vival is extremely poor,", even it the
man with a normal blilad volume of flow. In addition, renal blood flow dur- pH can be restared ta normal with
:;,{MM) ilL, a rapid bliod loss (it 5(X) to ing hypovolemia tends to shift trom various drugs, such as Tris bultter.I
I,(XX) niL mnav cause samn1e decrease in the outer renal cortex tol the iuxta-
pulse pressure. Systolic pressure otten medullary portions ot the kidney,' Tissue Perfusion
does not tall signiticaintly until more where the glaneruli are tewer in n11m- Stroue Volume el Pulse Pressure
than 1,5(X) to 2,(M X) mL (It blood have her and have longer loops 0t Henle. As mentioned previouslv, one can.
b'en lost and the' blod vo ulu4e deteiCt This shift in renal blood flow results t0lhow changes in strake valune by"

excceds 25'T. Thus, It a patient who is in an increased absorption ot iL sodium abserving the changes in pulse pres-
hypotensive tram hypovolemiia is and water. sure and hv notiig the ease with I
given )ust enough fluid to restore his which the pelripheral pulses can be '.

systolic blood pressure to relatively Urine Sodium and Osmolarity palpated. In an individual Pitlitnortmal values, he piobably still has a Ill patients who become hypo- changes in pulse pressure otwltn retkct
blood volmie deticit ot it least ItX)() volenlic and have at reduced renal per- changes iln the stroke vditile rola - ,,
inL. It the: hypotension has been pres- tusion, the urine sodium cnicentri- tmvelv well, and Are thus a mucl I)tttr
ent for more than .3) minutes, the pa- tion may tall and( the urine: (smi(lairity miidlicatimn (It bloo)d tlaxs. than Is syS
tient probablv also has a much greater rise signiticantlv betorc there is a de- tulic pir'ssimC, paitlculirlV in e ly
Interstitial fluid deficit. It this tlind is crease in urine output., It the urine shock.
nit adcquatelv replaced, tissue pertu- sodium falls rapidly or is less than I) .
siuIn will be reduced, and severe hypo- to 21 mEq/L, the kidneys arc usually Skin Changes
tcllsioi may reappear rapidly it there tunctioning relatively well but ire not Cold ,iid clmiiiniy skinll a1vct ilw'
is even nild additional tluid or blood being satisfactorily pertused. bodv ge1lIer.mllv iiidlt.mtcs that tht p.
hiss nlie t has ,I law cIrldi.c t plit Alld i

In the great naiority ot patients Acid-Base Changes high nit,I pel iilpht-ill %,Isci It' .i,
with an unobtainable cult bhlood pres- Respiratory Alkalosis Smst;ince sc1iind.1i\ til inteii1e sviin . 001
sure, svstoIic blood pressure is ex- The classic acid-base ibnormiality in pathoadrnaIl silmtilait,,n .*..
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Mentation anl emlergency basis. SLISCItationl to maiantain an arterial
A clouded senisorium and increasing The imiportance ot the patient's; pre- 1t0, ot at least 80 to 1001 mmi Hg. Al-

lethargy call usually he considered as shock condition must also be empha- kalosis during Nepsis also adverisely at-
signs of poor tissue perfusion, and not sized. McCabe and jackson ii classi- teCtS Oxygen unloading atl the tissues.
infrequently these arc the first indica- fied underlying diseases associated Sepsis recesICI 1,3-I )11G, I and at
tion that a patient is becoming septic. with sepsis as rapidly fatal, ultimlately higher hemcnoglobin mnay be needed to
In contrast, an alert, interested mndi- fatal, and nonfatal. Fried and Vosti I , provide adeqA.uate 0), availability. Alkai-
vidual can he assumned to have good applied this classification to 270 pa- losis Should aso be correctedI becauIse
cerebral perfusion. Our experience is tients with gramn-negative bactereia.ii each 0.1 increase Ii pH reduIcs 0,
that such an Individual is miuch more of whomn 34% had shock. For diseases availability to tissuec by abouLt 10''-'-'
likely to survive, even though his lab- that were "rapidly fatal," such as acute
oratory Values may be quite abnormnal. leukemia, postneccrotic cirrhosis, and Fluids

bacterial enidocarditis, the mortality By tar the motst ettee ti ye initial %e.
AV Oxygen Differences was 86 Ini the "ultimnately fatal" treatmecnt tor virtully Al types oIt

If the AV oxygen difference is less group, with diseases Such ats lymipho- shock, particularly tollo)wing trauma A 1,
than 3.0) vol'%-, cardiac Output is uIsu- mna and various other mialignancies, or Surgery, is early and aggressive ad-
ally greater than normnal (probably the mortality was 46!,. In the "non- mninistration ot tILild uintil I ardiac till- '/~
above 4.; UL/min/m-'l. Even without fatal" category, which Included pa- Ing is optimal. It is, Important that
calculating the AV differences inl ixy- tients with nonmalignant disease ot two - or, preterably, three --. large IV
gen content, one can determine it the the urinary and gastrointestinal tracts cathecters he inserted and flid adinin1-
cardiac output is rising or falling by and septic abortion, the mortality rate istration lie So) rapid that hv'potCenSIon
watching the changes Ii the miixed was only 16"/- troin hypovolemia is cotrected wvithin
venous oxygen saturation or PO-1. F. to 3(1 minutes. It shock is, corrected s,Although pulmionary arterial blood Resuscitation Efforts Within P; to ;(I m111intes II pactient.,
is preferable to (iVl blood tor estinmat- Ventilation who require iassivc tranlstusions, the . .

Ing cardiac Output from AV oxygen In any critically Ill or injured pa- mortality rate is only I I-- -' AIt the pa- *.-

differences, we have found little dit- tient, the first priorit% of re:SLI ittlonl tient has ani Lundcri~iing iseCase and
ferenee between the two unless the is to ensure at patent airway and ade- shock persists tor more than ;t) min-
cardiac output is very high or very quate ventilation. AdequLate2 ventila- Lites, ourl mortality rate with massive:
loiw. tlol c i the patient who has,. shock oir i ranlstUScons eceedCs 9(1''

sepsis is, usu~aly at least inC-and-one1- Apt's w /; s In severe h v po -
TREATMENT halt to two times no rmal.i I -volem ic Shock, vi dunec replacenit IS
Correction of Primary Process Inl ourl t~ICS 0t patients admiltted begun with ;L ot hala (, ~I,/ cu'ridvtu'

Although one may have tc begin ii ith thoracic traumali, shocek byA itselt vi nf n given over I tio W( minute,1s.
treatment (ot shock without knowing onl admIissiI nWats aIssiCIated with an Ringer's lacitae is, quiLte adequalte. The
its initial cause, a Strong eftort Should e2ventualI mortality Alt about 7'.I laIctate Inl thet thudlk IS seldom1 a1 prob- %
always be mnade to establish anl acen- shock was prt!'c'm With aIcute respira- lem. Theli dextrol-lactate is excretedl in
rate etiologic diagnosis ats soo i s pcis- tory distress req 1.iiring vent iIa tory the'LII u ine and the Ilevi -lactate IS me42
sible. Bleeding and sepsis must be a1sistilancc, the n ithv rate wais tabolized toI bicirbonaitc h\ the liver.
controlled rapidly it resuscIittionl is to 69''.,i Normal saline1 is, also adeqtet, butl
be successful. 11wit Ilimitaice lot venti i Iiry as- has the t dioretical pnbIln ot a rclai

It the administration ot .;,()(X) nl- ot sistancc Inl shock, pi3rticuLIrlvN It In- tiVe. eXCess (ot A.hliirdc, wNhich can con.
a ha lanced elec trolyte inIi in minutes crciscd re'si It;i \ cttir inis reqili re'd, tibuLte il IaCidkI)SIS

to ita trauma11. viet iinl dccc's nlot restore asshi 11n 11w AuieI.r 0i aI"ll ii Xperm I There has beecl nmuch ci mtri iversv
the 131 to at least IWt mmi H-g, the pa- menl-1 Cardaiig.mIlic shock Iii diigs. on thet reLltiv beneItits Alt eiIihsdur
tic-ni is usuially blcedling rapidly Somec- SponltMiCiilv vel"tItiliig animalMS AIC- iig thet Iiiitial rssaiintruim iranL-
where. It the source is, iii appartit velitiped higher lactiA ic id lc'vc' Is and Ina Nio stikkd s) i ta has aniswered the' .

eg, MulIt iple tract iirc'si, thet Ii ke l\ hadL Ii iwm survival rtLs t h.1 id Sitill kquStI iiS Is Iti C Ai I(hiiCvc'.ti Ibtld
Source' is the abdotincti Andl urgc-nt sun- lar do1gs given'f Vetilitor\ 'iSsistaikc thit thet Itse iAt lar1eiiillts Alt 11 ~
gery should bh' consiicred. "cinie (It thet ic treqjieCiit it1dii 'o4-.1 dhuik rig th ti Si thrlc'c iil tiv.

Se'ptic tloci Such as, abscessesS IILISt timus locir veiuilaticrv iNSIStJILL- tiut Ia- day\s Ill 1a1i MICtetilpi iti ivtaiiitiii no
bec' linlitiated ats napill\ aS 1 uccssiblC tielIts Ill Shock include 111A mud .lsiiilbbiiii 11"L11 levl1s sligiutc
Surgery is much tnhcir imiportant than 11 r11ule vmilatitiIl less thin (I iii ant111 I'eCLICasedk tibrinigen1 0 chit! ig
antibioctics. Vhc most trCqbiltnIt Caulse' 15 11 nun tkidil v(Iiiluc t ""les thatiI -1 j I ic t ivito cu1d inc incisedk 1pti11(tll.V -J

cit death tcnnl sepIsis IS tAilUr iii dricr Aid, kg. ;1 %itd kaitbito. less than Ill billi tonesI'S Il Mid p iIltlturnl
aSeptic toccb betccre severeC vital I irgLiii Ii[i kg,. 41 P'A t) Atcltei fliin 1 nulin bu(iplast inl rIc 11. P I I I I lke i t lt the

thlanlgIe ha.s uicccarreLd I ' 10111Cic il l - ig at a1 lielic cc")IA ic.losl~s is pieSciit 11i111iiilt IA, ill It. PI1 I. lk Po I I thet
Stances theCseL pa.111tents 1%LI tila se t ' it PAct(), gic.tem tlicii -,() mii11 I Ig it gicitc il t l i ei tfill sieitI
sick toi icclcratc any\ surciteo . llii0c1c'i, b cic Iiitc level are TM1 iioii kIi %m iit iii luit( tic ciiI' tie\
we bc'livc that suIch p).itiiiits crC ist I'it), less (li1i1 So) 1mii1 Fil 'it i, i W", iceIi pu)ted thu~l eLtodii luczi
ally1''tlccc sick i) tco hive suirgcr\, All a1 lit), leS thici,l itiiii Fi ii uik t t\ ut\ .11ite iliiiinle
Aftecr ani c'XP'diiiitIcs. aiggreSsivC eturm l01)'. nk iieiti ii oIt oI s i pt I 'i dI i t II
tic ccptinuizc theiir uiilitiiiti such" pc. Iciint'- Ii sli I s hl ilild ls* gi~tii Icc ic.c-1(u Ic \k Islo 'cut 'ipoll

tictits Should hu. tikcm iti sbirVc-r\ lifi (citigh k'xc111 1g1ii In ri1i iiti. i t I( tIiis
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SHOCKP Wilson

Some investigato rs, however, have tnmin an inadequ1.ate restoratio (it tilt: vioos bitsm i Canl list Ilk used 11) cal
continued to support the use ot a!- plaima lost by hemnirrhage. Ciliate 4ICI xv cn ci insuiiptlll M phvs-
humnin Ii resuscitation. Hauser and Ili oni' Study, dogs suhiected to a 1(logi1C Shunting InI IhIC lungs ai .1(st
Shoemaker reported, Ii a tightly conl- controlleid blood his" equal toi 8", ot as1 well as1 pul mionari, arterys JillpICS,
trolled crossover clinical Study, that their body weight exhibited sigm t i- unless the cardiac output is, vcr high
resuscitation with 2 -, aibumin was cant dersinin serum i'ite in, or vcrot v w
prefeiable to Ringer's lactate .", Al- complement tactor (J. lgG and tittal 11) Moist Ii Stailcks ithe pl. iii ping1
though albuinII is, expensive, the anl- tipsoic activity w i en resu sc itatecd tUnctII)II i)t tiet right and ILcn coctri-
thors pointed out that prompt voluime with pac ked red cell Ii sal ine 11 Ili CIes IS quite Sitmilar, so that tlimgi''.
expansion may reduce ICU time and dogs reSuIscitated with whole bliii d. In the (VP ,n IInch re'tlec't tilling pre'S-
"the coIst (it a single day in) the Ien- no1 such depressuin InI Serum coipi sores III the right hea.rt' ci irrelate. tair-
sive care unit IS equIIialt to that uit nents oir activity was observed ]dIil ' wv ell 'i% ith h I/,ui' Ini thet /'At PI
211 to 410 units Ot albuinIII. '' tresh whole bloiod wiould be available wic i re'tlecit ILiii %ei1triilir tilling ~ -

blooud w. ThriCs si~ iote rcSISineti, ramthsecr turit SIXib it til lai -k staidlIvI1C sltc.I(%kVI he diit(li 0Vll ar r

howver, that it Canl occas ii all v riganlL' cil al toUnd that massive- trains terv pressure IS usual only I toi 2
Cause anaphy lac ti i reaictions and tusiI oi'swirce assoi c iatd With Ii di i mm g highcr than the pulmionarv' an-%
mnay increase bleeing tromn large raw creased platelet ci ills aind aggregabil- tery weidge pressure, uLICSS there is
SUrtices. it v tiir the fi rst touinr pi iSt oi~kra t i Vi pulmionary hypertcetsion. It the PAl P- -

I h-i/rn.' ctiti %t~ f l il Im hs rc- days. tbis wasl t11n ught to be kilue to lAWli graidient exceids ; rom Hg, sc-
ccived increasing at tint ion. H ES is a platelet tlZitl([ iii1ti i *td dieaveil M'ega- v're Undlerlying pulmI 1mary hypcrteil-
6'', Jiso01on iii C sOi Itl Ii inii1.9'',, karyi icvtc rc'spoisc, Ili adilito n, they, Siol is otten prcesetnt. Furthermore, as,
NaCT Il nOne Clinical stUik;' H ES suIc- tOiini a rise Iii betat un mnIbi igloUl In i emphasized by Cengiz ct a!l, pulini110
cessfully cexpanidcd blod Viilutme, but jBIU andl Platelet tactii 4 j liF41 iii il' inary artery pressure waves should bc'%
signiticant ly Increaseid partial thriin- earl\, postoperative pecruiiik. Ilis pre- recordeiloon paper and the values ob-
bi iplast in time Ii 64'',, iit pa ticentls, sUtnaly~ Indiicate" anl (ilg(I iig platelet tamned at thec end of expiration used to
andIL prolionged priith ritbinv t im Ini release reactioin \, Inch tiay Improve reduce the errors eaused by yen -

2',.'"There wa, ivwvyer. no primlarv heicistasis because BT(" is a tiiatolrs. Digital read-outs tend tim give
clinical eviidetnce u)t aviv hemorrhagic P" I, Inhbiiton anid PH4 is an ntl deceptively hi: h values, especially
tenidenciies. Several Cliical stUiLIes heparin1 agent. NIassi vi aUtit ranIstU- when high inflation pressures are
siiice then have Indicateid that HIES is Son1 mayJ a I so be ass)c ialtcil Withi used.
as ettective ats albumin tir expanding platelet abhoirinalitics. ''Although PAWP reflects left yen -
bloodii vi Ionic, and it IS much less ex- I c erili m ()nIii i 1:1/i1 Ni.\ed'~s. It tricular filling to some degree, the ac-
pensive. the patient iii severe: Shock does not rual end-dliastolic volumes are muILch

Ii the past, it wats thought that at hce- resiond nlI rnptI to iiStanidarid t ILut more important. if myocardial coin -
vii gli ibm level (it abiout 101.0 g/dL was therapy, aini the ixterit i it thle pat ient's p1 iance is reiduced, Such as atter an
optimal, but we have ti und that criti- Cml~iiiU~ fvu-luItil needs arc' viiit ib)viOiis acute myocardial infarction, the leti
callk, ill patients with h ighcer hi'mii- clinically, art ctt in shi iilii be ma.di' to vetticular end-diastolic VOIlumIc 1'a
gliii levc'ls, iii the ratnge ot 12.;~ ti Iinsert a centiraleo n pressure i V l' be low cveni if the PAWI' is high. (COn-
14. t) g"'., tcetni to) iiaiintaiii a better iii- atiil.ir a1 pulin tlrv irtcrv wed~ge pis- SiLoevit ly Chainges 1i1 PA'A'l andl PAl Vl
traVaIscular voIlunic, havc' a lower mnci- Sur' PAWNI cat heti', ii i smte till - with a tluid chaileti arc' tiuch more
ilci'k i it ri'spi rito r,, til nrc, andi are- tug pressure changes, Ii thei right and i nipi irtatit thanl absolute livils.
mmmc liki'l tio survii- " Alttii)igti ictt heart, re-SpictiveLs Usc' (I blodi/ o u'ullit I,117ui
YShah cit il"' toUiii that /'Iood traiistti- Isolatedl t VP' levi-Is Ilavi ri'Iiilyl nunl W guiidi tic rati' or J1iiiiiit it%

SIoIs idid TIM liicreaSC o)xygen1 trils- littli' 1hviigi SIgItiitc~imii bult tit' tIlii adtilIIIistrlitui 101as,1 beiti aIdVu-
punr or vi-t()ioS P(),., tlii-r patients' nespivIste ti tllik- V t,\it .1 tluli Lhi cati'i byv sorni' Invc'stigtors. Shoi--
raties it i)xygit ciinsuilptits wini i11 lemigi cu!it bi- isticineN itlipurltailt miicki' Ii particlir.1, his1 1111d .i1
nCAihs much grvitir tiani iiirmrii ( )iir I ii- usl ,I tlIII1i i hi~lILciigi IS ; niL kg, IILunubet ut idVJIttagi'S ti Illiaslit ii.
on it StUdie's hJVi' slims vi thu1 paienI'ts tit a1 balitmieo~kd LilitiolI teuIi-lj t)i-i bloo(d Wultihles si'r,i1ls t' I JkIllt(III
isitti 'I redluced tIsykg.iI (IIIIsIllptIIi ti'il inlimiltS \01i11- imlui11ifltimi thLi soi deriv~it c.,LcoaiMiiis to H u t -.

'l(iib" ib1-mit s", wiith iici lunit (it It plSi' preLssure lists ,tid thMn IS beCst predii ii is ti SLiL-Sstul tIluCI~ips

iii(IC-asimig ILI.Inltikes (Iln h ll ttiiiut shou11l hi gislil It tii I- %i rie Iribluiii ii slini k sIll niiSepill
.ini guimi i .pu 1)[kid tc41 bl~midh lls ibmuutpili Is tliiild s, Lgisil tii ritel (it ti11ne IlISI\ it Jkdu-4ju.1mt- kiiitil.it11 ilti ad

bink, Ii) pruii- tui ii llumi l tli 1 (VP fi-tuisl I'' b'tisu li lkks I I lk i p. i isisi 111,0% ihitilkli \Is it .ii "
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Severe metabolic acidosis (with a often cause increasing vasoconstric- sions may reduce the IonIzed calcium
pH less than 7.101 that persists in spite tion. level in the blood to a point at which
of fluid loading should be corrected The response ot the right ventricle it impairs cardiovascular function.
with bicarbonate. To calculate total to doparnine is often different from Consequently the Committee on *.6,
bicarbonate deficit, the bicarbonate that of the left ventricle. Whereas left Trauma of the American College of
space is taken to be equal to about ventricular pertormance may he great- Surgeons, in its ATLS course, recoin- %

30% of the body weight. Thus, in an ly increased by dopamine, the right mends that a gram of calcium chlo-
averaged-size man, it takes about 100 ventricular stroke work may increase ride he given after every four to tive
mEq of bicarbonate to raise the pH by only moderately, with relatively little units of blood in patients receiving
0.10. change in CVP blood at this rapid rate.

Vincent et al have confirmed the )obitaninni. flobutamine is an (hlocose-poiata S otn -In s1 t(;Kl 1,
importance of arterial lactate in prog- adrenergic agent thought t(o produce Significant improvements in cardiac
nosis in shock patients.' They found less tachycardia, less increase in myo- function occasionally may occur tol- '.F. .
that survivors had initially lower lac- cardial oxygen consumption, and lowing the administration of conccn-
tate levels than nonsurvivors J8.0 vs tewer arrhythmias than dopamine. ' s trated solutions of glucose With added
13.1 mmol/LI and survivors also had l)ohutamine also increases the sinus- potassiumIn and insIinii. Recoin -
reductions of lactate levels ot at least node rate and improves AV and inter mended dosage consists of 1,000 ml of .
10% per hour during treatment. In ventricular conduction rates. Left yen- saline containing 100 to 200 g of %
nonsurvivors the lactate levels tended tricular afterload, left atrial pressure, glucose, 20 to 40 nLEq il pOtassiLn ." -,

to rise despite aggressive therapy. and systemic vascular resistance are chloridL, and 10 to 2(0 units of regular
significantly lower with administra- nsulin IV given over one to tour

Inotropic Agents tioin oif dobutamine than dopamine.4(, hours.
If shock persists in spite of rapid However, dobutainine, because of its Con bintiions. A wide variety of

and aggressive fluid loading, attempts vasodilator properties, generally combinations of inotropic and vas-
should be made to improve cardiac should not be given to patients who odilating agents, including dopamine,
Output by using one or more agents to are hypotensive or have a low sys- dobutamine, or epinephrine with nil- 6

increase cardiac contractility. The in- temic vascular resistance. Thus, in troprusside or nitroglycerin, have been .
)otropic agents used most frequently septic shock, dopamine is usually used successftuily to improve tissue
for shock include digoxin, dopamine, preferable; in cardiogenic shock, perfusion in severe heart failure or
dobutamine, isoproterenol, epineph- dobutamine is preferred. shock.'," These cormbinattions are
rine, and calcium. Isoproterenol. It the patient with particularly helpful in patients with a -

ligoxn. Digitalis increases myocar- shock has a slow pulse rate, isO- low cardiac Output and high systemic ..- '
dial contractility in patients with con- proterenol in doses if I to 2 pog/min vascular resistance.
gestive heart failure and dLcreases may dramatically increase blood pres-
atrioventricular conduction, thereby sure, cardiac output, and tissue peru- Steroids
slowing the heart rate in patients with sion. 4 It the pulse rate exceeds 120 Small -Rlpl.'icmt I )osc. It has %
atrial flutter or fibrillation. By block- per minute, however, it is much less been estimated that up to sIx millio0
ing the Na-K/ATPase pump, digitalis likely to improve cardiac output and people InI the United States have a
facilitates calcium entry into nyocar- has a tenIdenIcy to cause inyocardial is- subclinical adrenal insUfficiency that
dial cells, thereby producing an in- chemia.-' Consequently it is usually can he uncovered ly severe trauma .-
otropic effect.4ii This inotropic ettect contraindicated in patients with an sepsis. I Up to 1", ot patients wVith-
is not dependent (n a catecholamine acute myocardial infarction. sepsis in an ICU milay not have an ap- I 1Z
response and, therefore, it is also effec- lpmmephrin.. Epinephrine in doses propriatc increase In plasli Coltisiil
tive in patients taking beta-adrenergic ot I to 3, vg/min can often raise blood levels and will not respond adequately
blocking drugs." pressure and cardiac output in idi- tt) ACTH. Patients with adicnal in-

The use of digitalis preparations is viduals who have becone unrespon- suittcle]cv and shock or sepsis gent
very controversial in the patient with sive to large doses of dopamine and aly "Iwll dic unless given exogenoUs I
an acute iyocardial infarction.i' Al- dobutanine., ' ' Epinephrine, how- c,,rtic,,teroids As a consClUence. all
though these drugs may improve iny- ever, canl occasionaily cause dangerous patients ilth shock that is uinres-pon
cardial function, they can also in1- tachyarrhythmias. si e to tlUld liaid Ig aind not ropic
crease the incidence and severity of Calci unm. Calcium ions enter the agents should be given it e.Ist 201) ing
arrhythmias.i I sarcoplasm ot the nnvocardial cell ut hvdriotltisiie 1\ riapld IV IcolotlltW

I)opamoue. The response to dopa- trurm the EC F during the plateau w th hil oloup dIP sIs ,is .e ',,ei
mine varies according to the dosage phase of the action pOtentiaL ' In ad- I\ u ,l'II Mi lt, /,,,,', , i, 1)1
used.4 (4-i At doses of I to 3 Ig/kg/ dition, calcium ions stored II1 the sar he use mssive d i' (It stci .%,
min, renal blood flow and urine out- coplasmic reticulum are released and in shok thcijp, is cimitiiuve i,,ial
put often increase with little or no rapidly transterred to the sites of inter I lIhIc .|e jIti suglgesthg lhii )"
change in blood pressure iir cardiac action of the actin and nivowi isi Ii six diea- ill 1i! LiLIL:d CI ctlstC d., 1n,\ i .A
output. At intermediate doses of 5 ti menrts. Thus an adeqLate iluantItv (t hicIptul in sh-,ick h\ pieint ig in
15 tg/kg/min, blood pressure, cardiac plasma ionized cLlcium IS extr'mly]V Coulpl ing (It III It(uilkoi ,1l iCkitIII Wi.hi

output, stroke volume, and myocar- Important tir maintllojni noroil irll tr),iSpil t n iuidLiixC ph,, iphlii\ li .-
dial contractility usually increase iliac functiuOu In Shiiuk pitlis i, t I(h) I hc , ,, SCi'l II si,uhli1.,
rather substantally. Higher doses oft ceIvbng bank blood at mire thin 100h iisiiil inid i.1i11 n, n11\ h 1 I n .I ,
doipamine, exceeding .( i.g/kg nin, i[ mn, the ctrute III the tr.lioStu pcei liitt\ .)j ilp.11 , .h1,lii ,." ,
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cular functiofl'' and cell metabo- effects. Thus ephedrine seemed to be a Bactericidal or bacteriostatic agents
lism.) Oxygen delivery to the tissues more appropriate drug treatment for can be equally effective in gram-ncga-
may also be improved by a shift of the spinal anesthetic hypotension than tive infections.', The patterns ot sus-
oxvhemoglohin dissociation curve to was either neosynephrine or isopro- ceptibility vary widely from hospital " .%
the right.," Jacobs ct alF' found that terenol. to hospital, hut certain general recom-
steroids may be of benefit by reducing mendations may be made. Treatment
the excessive activation of comple- Vasodilators is started with one of the amino-
ment that can occur with sepsis and/ If the patient shows evidence of glycosides (tobramycin or gentam icin_
or shock. This may he particularly excessive vasoconstriction and poor to cover the usual gram-negative aero- .
helpful in preventing ARDS after sep- tissue perfusion in spite of all other bes. When cultures and susceptibility
tic shock, therapy, and if his blood pressure is tests become available, a less toxic,

Hinshaw has shown in several ha- normal or high, a vasodilator may be but effective, drug should be sub-
boon experiments that these primates very helpful. A vasodilator should not stituted. If gram-positive cocci arc
can survive an LD1 ,0 septic shock in- be used, however, in patients who are seen on smear, a synthetic penicillin
suit if given massive steroids and anti- hypovolemic. Vasodilators in full dos- should be used. In anaerobic intec-
biotics early in treatment. 6 

I age may increase vascular capacity by tions, such as necrotizing tasciitis, the
Schumer et al conducted the only as much as 2 to 3 L/'7 further accen- smear trequently shows pleonmorphic , ,

large double-blind, prospective clinical tuating the hypovolemia and causing gram-negative bacilli IBacteroidesl and
study of the effects of massive steroids sudden severe hypotension. The use of a mixture ot aerohes and anaerobes.
in early septic shock.62 Mortality rate vasodilators may also he dangerous in Thus a three-drug regimen is used tre-
with a placebo was 40%, but it was patients who are already vasodilated quently in severe abdominal sepsis,
only 11% with administration of mas- and have a low systemic vascular re- comprising 10 to 20 million units o-
sivc steroids. sistance.6 8  penicillin (, 2,400 Ing of clindamycin, - _

Nitroprusside is administered by and .5 ng/kg/dav of gentamicin. In se- -. '

Vasopressors continuous IV infusion, usually in vere gram-negative sepsis, peak blood -.

In general, vasoprcssors should be doses of (.5 to 3.0 1 g/kg/min. This levels for gentamicin and tobramycin
given only as a temporary measure drug causes a reduction in afterload.-" should he 8 to 10 ig/mL. "' " 

' This '-, e
when there appears to be no other A PAWP of IS to 18 mm Hg and a sys- usually requires a dose ot 2.0 to 2.5
rapidly effective method of restoring tolic arterial pressure of at least 80 to mg/kg. With such doses, the interdosc ¢
an adequate coronary or cerebral blood 90 mm Hg should he maintained, t interval may have to be 16 to 24 hours
flow in patients with critical stenoses possible, before and during the admin- to obtain trough levels below 1.0 ig/
(if these vessels. They should gener- istration of the nitroprusside. mL
ally not be administered until an ade- Nitroglycerin is also effective as a
quate trial with ventilation, oxygen, vasodilator " It dilates coronary and Heparin
fluids, acid-base correction, inotropic systemic arteries in doses similar to Although there is controversy re-
agents, and steroids has been made. nitroprusside. It also has an even more garding the value ot heparin for the

I)opamine in doses of 20 to 40 t±g/ pronounced etfect on veins, however, treatment ot I)IC, "I we recommend
kg/-m can raise blood pressure ade- so that its main effect is to reduce pre- that it be started if serial coagulation '..

quately in about 80"/, of patients re- load.' studies reveal I)IC without tibrinoly- -" "
quiring drugs to correct their hypoten- sis. This situation Is Indicated by a.
sion. Thus only a relatively small Diuretics progressive reduction to the platelet
number ot patients with shock may It the urine output is less than 0.5 Count and tibriniogel levels without • , "
require vasopressors such as meta- mL/kg/h despite adequate fluids and an Increase in tibrin split products
raminol [Aramine) or norepinephrine adequate blood pressure, 12.5 to 25.0 g (FSI). Under such circtnstanccs, ill-
(Levophed). Norepinephrme by itself of mannitol may be intused IV over a travascttlar clots may torm ri wit hoot
can cause severe, s(tmetimes lethal, period ot 10 to 20 minutes with a sim- enough tibrinolysis to kccp the nico)-
vas,,constriction.' A solutton con- ilar dose every one to four hours as circulationi open.

taming four ampules of norepineph- needed. It the urine output Is still % %
rie (Levophcd) and two anpules ot inadequate, turosemide [Lasix) can be Mechanical Assistance,
phentolamine (Rgitine) can raise BP given. '1 ,/t1rl A l.ithOl< ItONi't\ ""."-
with much less danger ot excessive t.IA S'.) Althugh the NIASI garmcnt
vas constriction.' , , Antibiotics is now bet ig used with cnt husiastiS i In

Iihcnylephrine iNeosynephrine) is Antibiotics should be started at the tmans p~lrts il the coon trv il help
often used to treat hypotension fol- earliest Indication (it any Infection Or trCat hemlo]rlagic shock cit route to
lowing spinal anesthesia, which is contamination, after appropriate the hospital', ttan ph'stcas ic-,11-,
charicterized by decreased mean ar- sncars and cultures have becn oh- main skeptcal ot its valuc Although "
terial pressure and Increased vascular taied. Alteinetcr ct al hlvc shwn, i It "wa M]., llilln , thtght that tll..
capacitance. Butterworth ct al" ' found a large series ot septic patients, that gA I ]ll ei t cJaIS'd l1 .1tt
that isoproterenol reduced vascular ca- the rnortalitv rate ot Sepsis was much tr.itisist ol it '(11) to) LOW1 II[ (it_
pacitahce, resulting In a pharmaco- higher 154"..l when tic patent %,sas blood, ILL' icent Studics Sitlgicst-..
logic autotransfusioti, whereas phenyl- given an itappropri.ite ailttIiotIC than that Ii acttlls raises i;PII Ia,1,t Is\ h\
ephrine acted primariv by increased whetI .a0 IpprOprIatC Antibiottc, iiicaisiilg ,ttc1t1,ihd' ,ll(d trig ° -° . .
peripheral vascular resistn111cc. Ephe- cIIIsct on the basis ,t culture scl- pcrttiISl, ll I tiis[tiL, c Vk'dILl b\ MAI, I
drine effectively combined both these sItIvittcs, was used 2s.,, . Ii aIddtI A'e L(ilc Ai ,i shl)we.l
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that MAST can cause a 14 decrease four patients developed adverse reae- of improving cell metabolism and
inl pulmonary vital capacity This may tions hypotension Ii two, pulmonary raising intracellular levels of ATP? It
be a critical factor in patients with edema inl one, and grand mial seizures has generally been assumed that ex-
respiratory insufficiency in one). iigCeniiuSly adinnistered ATI) cannot

In tro (ir tic Bal1loon Pumtrpinrg Prostaglaninsr. Prostaglandins are a enter cells; however, Chaudry and his
(IA 131'. Cardiogenic shock frequently large family of naturally Occurring coworkers have Shown that even Lin-
persists in spite of adequate ventila- lipids formed from arachidonic acid by der normial conditions, somec ATI' canl-
tion, oxygen, fluids, acid-base correc- metabolism initiated by the enzymec enter muscle cells, aiid that this
tioin, inotropic agents, steroids, vaso- cyclooxygenase. Several studies have amnount is increased during shoek.1112
presslirs or vasodilators, and control of shown that a number ot these sub- It was also tound that at glucose ATP- ~
arrhythmias. This persistent car- stances, including t bromboxane: MgCI , mixture significantly increased
diogenic shock is caused by "power (TXA2l and prostacyclin l'G12, are el- Survival Ii rats who had peritonitis
failure' because oif inadequate tune- evated Ii septic shock. Although somec due to cecal ligation.
tioning of 35%, to 40%, or more of the of these prost agla nd ins, Such ats Chaudry et all" also have investi-A
left ventricular myocardium." " If thromboxane, may be harmful Ii gated the pharmacologic safety of ad-
shock from myocardial failure persists shock, others, such as l'GE1 and pros- ministering adenosine triphosphate-
for more than two hours, the mnor- tacyclin, can be helpful. Foir example, Magnesium chloride in normal man.
tality rate appoce Cos- PE has been used with benefit inl Their study confirmed that ATP1-
quently mechanical support of the cir- experimental hemorrhagic shock by at MgClI is a potent vasodilator, and
cu lat ion by I ABP, which reduces least two groups of i nvest igators." I -4 they also found anl Increased cardiac
systolic blood pressure and increases Its main effects have been a decrease output Ii proportion to the decrease
diastolic aortic pressure, may greatly in peripheral resistance and an Ii- Ii peripheral resistance caused by,
improve coronary blood flow relative crease inl cardiac output and blood ATP)
to myocardial 0, needs.-, pressure. PGI, prostacyclinl has re- UntortunlatelV there mna' be prob-

NeerAensceived much attention because ot its lemis with ATP infusions. Horton et
Nwe Agenii'ts01 ability tot Cause vasodilation and inl- al l- found that although the use ot

Naoot Ari-entdorphin Titer- hibit platelet aggregation." , Studies onl ATPI- MgCi Ii canine he-morrhagic
(111V Beta endlorphins are endogenouIs lethal endotoxernia Ii dogs have shock Increased coronary blood-flow
opiates secreted by the same cells in shown that PGI, can improve tissue and oxygen delivery, there wast, a proi-
the hypothalamus that secrete ACTH. perfusion and organ function."~' gressive decrease Ii cardiac pcrtor-
Hence any stimulus Such as shock Prostaglandin inhibitors also have mnarce. The decrease Iinyocard tal
which causes ACTH release will also received wide attention. For example, oxygen extraction, together with at
cause beta-endcorphin release.,, These thle changes in intracort ica I renalI negative lactate balance InI thet mivo-
Opiates apparently Cause hypotension blood flow after Escerieloa cob bac- cardium11, Suggest that at metabolic di-
primiarily by liiwe'ring peripheral vas- terenlia are associated with an Ii- fect developed In thc' animlals receiv-

* cu lar resistance, but they may also crease in prostaglanldin levels and are Ing ATP-MgC I
Cause' in vocardia I depression.'s Al - prevented by pretreatment with Ii- Anti sL'T. The use ot antiserumi to
though naloxone has little or no effect dLimeIthainl ta cyclooxygenase inhib- endiotoxinI has rcenit lv been investi -
oin the Cardiovascular systeml (it niir- itorl')x1 Liie and Bowen Studied L col, gated by Ziegler c't A i n a priispec- ,

mial animals, it may increase arterial sepsis in at canine model that wats pre- tivC study~ iii 2 12 pat ic'its with gramn-
-~ blood pressure and Survival Iin many treated with at throm boxane sn- negativce sepsis. Antiserumi produIced

animals with enclotoxin-induced bly- thetase inhibitiir."" Surgery and sepSIS fronm the 1-; Mutant strin ot I- (II e.
pi tensii n-5" The mechanism ot action Caused at significant inc reasc' i thc' wh i cl con tainis i ii v cir tircdtcrii-
IS thought to be at central inhibition of TXl3, ai stable imetabolite iii thombiix- nanits, wVas Used. Tile mi irtal it v raite (i
lip ioid recccptor,, Althbough the Ii- anec A, iijver baseline Values, and tis thc' ciontriol gro up vasi 19",,, cimpared
CcesedI peripheral resistance repre- increase was complcetely prevented hy iii 22'', inl the anltiserumn grOup1. The1
sent,, thc' slimI to tal of naloxonc's cf- treatment with tbc' Tx svnthetase: inl- ctit t lii ise,, with Ito t uit sh c k
ti-ct. it mna' have varying ettects on hibitor. Inhibition ioi Tx synithic-ss also i A was l c-ye grater, wxithl mi rtal it\ rates
different vascular beds.', Verrnese et tended tio improve toital peripheral ri'- iii "'' In the cintriul group comlparedi
.11" shn iwd that naloxunc'I i vaso- sistance, intrace-llular ioxyge-n tensio n, toi 44''. inl the trcated grioup. Althutugh
dilator ot canine nmusctular arteries, and transmemibranc' potenitial Lilt- nlot current lv available to praicti-
prIibabl11v by a irec(t effect On ie yesVC- terences. tii uiirs, Such aiituSeA1,1\ may .1 pla ,i i-

scl. Studies 1y Reine's c-i all'" totund nulticunlt role In thImnagemenlt i$t

The ri-souIts obtaitied clinically with that central V'c'nUS I)usIJ lasma leel fii glauiii -negaut iVi hJietereiCl Illi the III-
naloxoni' have' not been ats giiod as, thromboxaie inl eighit patients dvuitg t ureI
tbhosce seen in c'xpcritenltaI ani nials, iif scitic Sho ck we'rc' nure thain tie-llj/ CI Ilr P,,' kct A nitiihi i i cal-
possibly becausc' ii late- adininistra- tould highir than inl sturvivoirs. I IICse cli on-c i,i itnC-I h lic kirs hive beeti
tioin anoi thc' mIuch stiaIIcr do sc's uised data su1ggist that treaItl mint wih o11s1 i to h'ive b)CntIOCA i eii Citec (111i
inl patienits. Roick c't al''' used itereas- idizoli', an inhibitour iii ithruttbuxano: unvIcird~klLH "ur hrit11.1 ''l- , kid-
Ing (losi', ot naloxoni' () 1, () 2, ()1, (),S, sytihtase, oiglit beL henecticial Itn sep [I('% ,i" e scheit IaI. WhileC IlIese
1.6 mg' kx1 Ii 12 pateents with septic tie slti ck.- aiCll 1I\ tit shae cci\veil wie at tCintl Iittn
shock, and thc' found art iicrcaSC Ill AlI-n''smi' I iI1j'tit (I'i Ad e'\per~IIltIti uig.1iii pIi'sCtititl.I their
inean artc'rtial B greater thain 10) mitt tsrhn I-or uttutty e1I urs titer11 \ iiie~t, .lit Ill s1-1"tltl(ITIoiS is (1iilCl
Hg Ii only foiur patienits Ili adition, 11hisbee inic-est Ii vaious tiltiuds AlIIlt CA(L intI bloci, esnivi he
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helpful in maintaining viability of not excessively high or low. Glucocor- in myocardial infarction and cardiogcnic
ischcmic organs, they also may inter- ticoids may then be given in low dose shock. Lancet 1964;2:825.
kcre with efforts to maintain blood (200J mg hydrocortisonec) in case some 4. Ascamo G, Borrera F. Lantsh EV, et al:%
pressure and cardiac output during re- degree of adrenal insufficiency is pres- Role of reflexes following myoicardial ne-J,0
suscitation. D)enis et all("' ound that, ent. They can also he given in high crosis. Ami / I'h.sioI 1965;2019: 1081,
in dogs subjected to hemorrhagic doses (equivalent to 1.50 mg/kg hydro- .5. Chien 5: Role ot the sympathetic ner-
shock, a prior total parathyroidectomy cortisone) early in septic shock pri- vous system Ii hemorrhage. Plhvsioi Rev
or use of a calcium blocker (Ve- manly to prevent excess complement 1967;47:214.

raparnil) greatly impaired the dogs' activation and to preserve membrane 6.GenHRpaCl.Nuoei
normal homeostatic response to integrity and autoregulation ot the resistance and
shock. Augmentation tof the intact Vasopressors may occasionally be capacitance components of the peripheral
parathyroid response toi postshtick by- required if there is excessive vasodila- vascular system in shock and hypoten-
pocalcemnia by giving calcium seemed tion, especially if thiere is persistent sion, in Mills LC, Moyer IH ecdsl: Pat ho-
to improve the acute cardiovascular hypotension in the presence (if high- g~enes and Treatment New York. Grune **~

response. grade coronary ort cerebral artery ste- IN Stratton, 1965. pp 91-110,.
nosis. Vasodilators may be used to try 7. Rector lB, Stein IH, Bay WH, et al: Et-P

REVERSIBLE CAUSES OF to correct myocardial ischemia (nitro- tect of hemorrhage and vasopressor agents
"IRREVERSIBLE" SHOCK glycerin)l, excessive preload nitro- onl distribution ot renal blood flow. Am f

Somec of the more frequently over- glycerin)l, or excessive aterload (nitro- /i~i/19222. 112 i. .*

looked, treatable causes ot persistent prusside or hydralazine). Comnbina- S. Skillman 11, Lawler RP Hickler RB, et
shock include inadequate infusion of tions of vasodilators and inotropic aL: Hemiirrhage in normal man: Effect of '-

fluids, inadequate ventilation, unrec- agents mnay be required Ii somec pa- renin, cortisol, aldosterone and urine
ognized pneumothorax, pulmonary tienits with high systemic vascular re- composition. Ann Sorg, 1967, 166:86S.
emnboli, inadequately treated sepsis, sistancc and persistently low cardiac 9. Vincent IL, Dl~uave P Berde 1, et a]:
cardiac tamponade, acid-base or cdcc- outputs. Mechanical assist with IABP Serum lactate deteri nat ions during cir-
trutlyte abnormalities, adrenal insuffi- can be of great value Ii persistent car- culatory shock. (<vit Care Mled 198311:
cienicy, hypothermia, and previous diogenic shock. 4-19-451.
prolonged treatment with antihyper- D)iuretics may Occasionally help II0. Wilson RU, Kromec RL: Factors atfect-
tenisive drugs. prevent renal failure in patients who ing prognosis Ii clinical shock. Ann .Surg

A specific search for these entities are persistently ollig-LrIC aiteT blood 99A9931l
should be made before considering the flow and Pressure are restoired. 11. Bleich HIL, Schwartz WB: Tris buffer

* patient incuirible. Heparin is Occasionally Of Value it JTHAMI. Ani appraisal oft its physiological
DIC develops with no concomitant effects and clinical usefulness. N Engi I

SUMMARY & CONCLUSIONS fibrinolysis. Antibiotics are important Mled 1966,274:782
Ini spite of all the scientific and in septic shock and may also he im- 12. Wilson RU. Gibson 1)B: The use of ar-

technical advances in recent years, portant if persistent shock has re- terto-central venous oxygen ditterences to
shock that is, not rapidly correctable ducedI gastrointestinal miucosal iteg- calculate cardiac output and oxygen con-
with tld can have at morbidity rate rity so that bacteria and bacterial Sum11pi ion in en tecal ly ill surgical pa-
c xceeding 8,l'"- Consequently aware- Products can enter the portal system. tienlts. S',or-- J197884:362-A69.
ness of such precipitating tactors as Newer Stud ies have focused on 1. Wilson R, Chiscano A. Ouadros L, ci '
W*SI sessand earl y dhiagnosis and treat- nialoxone (which Canl usually raise lBP ai: Somec observations on 132 patients
menVIt are essenitial, Ii experimental shock, but IS ofI queIs- with) septic shock. Ane \ih Ana.t, 1967,

Treat in ct shouli d be rapid and tionable clinical value), prostaglandins 46:7SI 763
* Shoul foIil low a previiously Outlined (Which Include a myvriad ot substances 14. McCabe WR - ackson GG G ram-

prioitcol. Such protocols should Ii- with various effects), prostaglandin Ii- negatic bac tereifita ,Irci Intiern Aleu
CILtie ciorrect iton itt the precipitating hibitors, and ATI'-MgCI IS o ar Stud- 1962,1101 s47

problem and aggressive resuIscitation ied Seriously by only oInc group). 'The IS. Freid MIA, Vosti i R The importance
to assure adequate vent ilat ion and most exci ting newer substances, i- of underlvi ng isease Ii patieints, with
ttxvgen'ititon il the blood and optimal elude: calciumr-chatnel blockers and grainnegative bactcermia. Arh/ Intern
I xvgeim dc verv tt thle tissues. FIlid antisera to eiidttox in. 'These laitter Medt" 1968,12141Is.
And blotod sh ouI v be gi venit s needed two age Iit s coul~d co nce ivablIy revt il - 16 (B I) ke 1I-, Iinitopp idii II, Welch CIL
until tilling prv-ssure-s begin to rise tioinize reSLsclition and the treat- Ifigh Outpu11t iespiratorv 1.1ilu.rc Ani mi-
rapidls- With urtier tIbid intusion. ment iii septic shock. porAiat Lise, II deaith ascrihed ito per-
With heim rrhl.igie sho ck Ii pre-viously ooitol (iT 1Lcu A111 %\or 1963,158 581l
healths- individal111s, a1 hemo1globin REFERENCES I ' Wilson RIMe iiartiv B, Lehlanc LP
levecl oIt 101.0 g dIL Is 11uuall adequtet. I Vm ist RI1 Ili I AP K indlIuiig III 'll .1 Lit 11 Rv-spirattorsI and v-oagUlatiiin changes%
In ol!d~r, septic, o)r cairvliigenic shock )IIkIv-niod' iani m 1CASUreitivitis Ill stpi Iv111111A~ alyitiviipiiiu iav-turv-s Arch .SIo

pI) CTItni a h.-iiiiigliibiil Ileel Ot 12.3 to slit(v k 10ti , m /u\o '~~I 1-1 2, 1,) ; 10 Wil , O
1-10l nmcby preferabhle 2Ma Wlvi.Ci 1.1), \lIiciiLJl W%(. \IvLL.io IS Voilsoi RI Antikiiio 1) ibstu [lB

If Aim ()itpiiiiia prov-Iliild doe1 s not Ini- .\lIN ci it 'iim is,m , sII uptti hl,,,k ini 's,,v k mii L u IL Ov -piiiioi1V ialUrc alter * *

. rvasv- cairkl]ii (iutpuit toi titir al oir 111ot1 A dt tillud siii,I\ It (, priiiviiiv 1111) liit ii,itiiii.i / /rnimr,j 11)''1 '. 97-'05. -

hmhv-1Lr Iu-vvls. inittipic agents should NI 96'), l(66 4 ' thv ,t iisN syleIvii
he useCd It sItek still pvrsists., one \Imikv-otv (I Its-li "1If cukllL\ Ik Rk IhsI'iitii\ ititiSyIL- voimrilLiiiiiit itt L
itst he surv- thait thy irtcriad pl-I is Im 1 i .111 ITv iiLIaio .1iol mespim1 10i% stiIiks iv(ivl ost i low% viiulllv out(put. AM I,,i *
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SPECIAL CONTRIBUTION
jult respiratory distress syndrome, complement iron

eukocytes: oxygen radicals

Current Concepts Regarding Adult
Respiratory Distress Syndrome

* Adult rLspiratorY distre'ss svndrorne (A RlY is a niult jet jologic acuite and Peier A Wardi MD)
progressive pulmionary ' l vsfiitlOn thaIt 17i1i'V lie' precipitated byv any' of a Kent J Jot nsw) MD
number of 1 iathogeric" agents. Clinical and experimental 'tudhie sugge'st Gerd (U 11, MD

that activation of conipleinent and blood neutrophils plaYs a signi .icant role' r)jMcwa
intle development of pulmronary, AnnSCla Artyiv, Mhchisan11qa't

pathophysiological feature oif A RDS. Although the specific celluilar and bi)- From 'ne Detcarti' (, )l Pc' ..

chertical mechanisms resulting in the development of A RlS are unknown.) U inierityo M o An
it has been suggested that oxygen-derived free radicals generated fromn coin Mihia

plemrenit-activated granuhocvtes mnay be involved, echreL tlY or indirectlI, iii %

the destruction of lung vascular endothelium and a'leolar tissue matrix. Pr )t~ at tri C9& LAFPF

This hypothesis is supported by' recent expenimeritad studies showing that Rese~arcyrrn .n 8( 1985i :.
* a~~fcute lung injury secondary to systemic cornpletner t activation can largehi Fhrav - t8

-be prevented by interventi .ons that scavenge for hvdroxYl radicals or restrict
avalilabihtvl of I onic iron. I Ward PA, Johnson K;, Till GO: (9rre'n cince'li Suphhrted n~ Parit, %i Nr' qir ''-
regairding adult respiratorv distress synidrome. Ann Einerg Med A iigiist HL31963
1985; 14:724-728.1 .J

IntrodctionAddress fior rn~itPiftir A 2,ij:,. M
Introduction ~Departm(ent of R1atnn0o~jt,,

During the past decade, the term adult respiratory distress syndrome Mcniqan Meu(in, S,, ,)B- Ji-F

IARD) has been syno~nymous with acute -cspiratory syndrome, shock lung, M52,10 Medor~ )oc "ll). Ct n' *

wet lung, and so forth. Although it had been known for sonic time that Roadi Aimi Art)n) MW t ir, 1.t'i OW)'
sudden deterioration of lung function and oxygenation was associated with
the so-called "white out" oif lung as demonstrated by radiography, it becamne
increasingly apparent during the years of the Ameorican involvement in the
Vietnam War that, in patients with shuck oir traumna, the shock lung svn-
dromec, or AR[)S, had clinical features that coiuld be broadly categorized into
a syndrome complex. It also became obvitus that no single etiologic agent is
associated with the development of ARD)S, and that sepsis is the cause in
less than half of the cases. ARD)S is a rapidly progressive disorder With a
moirtality rate approaching 50%, within the first three days, Whose survivors
demonstrate a significant degree of permanent Pulmonary chi,,ngcs, 1Ciluding
somec evidence oif interstitial fibrosis.1

The generally accepted criteria for the diagnosis of ARD)S are shown (Fig-
tire 1). The syndrome is assoceiated with rapid and progressive onset of rcspi-
ratoiry failure, and it can be distinguished fromn respiratory difficulties in pa-
tients who have preexisting obstructive lung disease. In A RIDS there: is
radiographic evidence of diffuse, bilateral lung densities. There is no evi-
dence o' elevation inl the capillary wedge pressure, anl impoirtant craiti',
because increased capillary hydrostatic pressure due toi lett hecart taIilIul
Would itself produce pulm1nonary edemna, which behaves dlittrent Iv thli
ARIDS. Another criteriiin is that arterial oxygen pressure drops ill assoiieatiio
with a refractory hypi xeia that cannot he corrected byv the adniio istrat iii
of 100(", oxygen. These are the criteria that are generally JiCCepted fill 11W
inclusion of patients into a classification of ARD S.

* ARD)S is assi ciated with many difterenit underlying ilieicAI P IbI(lens. iHi

cliding shock, sepisis, nt npulmi mary traum11a, viral p11umoLa11, sniiiitils li~
lation, burn iniury toi the skini, cardiopulmionary bypass, ;iiid i thers , ,i
there is no single primiary et iology that can be merliinmated Inll delii

onl the other hand, there is si me evidence that the de~veli pinelit i it A I ''
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ADULT RESPIRATORY DISTRESS SYNDROME
Ward, Johnson & Till

nav be associated with comnplemrent Fig. 1. (.encraiilt accepted cTiItr for
ativation and neutrophil actions. A R 1),S. Haj rij ,lai ~ors(r

This Itentativel conclusion is based on
a great numbeihr of clinical observa-

tios tFigure 21. First, there is evidence ever, the constellation oft i di ngs Difft ; dt(, 1 ,fl( ,, !5 es h ,
that in ARD)S there are increased tends to Support the hypothesis that irai c;rapt,
numrbers of leukocytes within the comlplemenclt activation leads it) sumlll
lng.,, Infusion of indiumir-labeled neu- ulationl of neuLtri phils, which InI t urn INo( cic1:,'o l (da~i~aj wef q
trphils demonstrates a much greater is associated with oxygen radlial ginl-
dgree of neutrophi I localization with- eration leading to lung i njuir\.

ptients with ARI)S than in nion- Complement, Neutrophils Th&otcnicn xprmn~l 1____

ARI)S individualss In addition, it has Oxygen Radicals -~~~Lf

AR) ainshsalicesd can lead to acute Ilung inturv conies -_____

nurner f riutrphil ascompredto fromn experiments pertorined on rats.
that ot control patients, in whomi the lintravenu mItLIsi0on ot thle potent
numnber ot neutrophils rarely exceeds comnplemenrt-activating agent isolaIted lliL14 1CTl pi\hidjck

4-, oIf total cells." tromn cobra verino resulted InI the -.

There is evidence for the presence prompt appecarance of t aclicmotactic c~ ~mn- uIiip u s'

ot activated necutrophils in the blood peptide inl thle plasmia ot these ani
ot patients with ARI)S.111 Blood neu- mials. This Was accompIIaied by cv.i - H-1,0), is convecrted enzvmiatical lv hv
trophils obtained from these patients decc ot neutrophi I aggregation and the neu1.trmphi IlZVIme mnVi-loperox-
show increased chemnotactic activity sequestration within tile pUlmionairy dase inl the presence- (I halide to prod-
in vitro, as well as the ability to gener- Interstitial capilIlary net work, cndo- u c t ss s NU by . oe I-I CI lo ro ii acid
ate oxygen -decrived free radicleIs.', thelial cell damlage or decstruIctInl, and 11H(00, stableeb cr lori is, Anid othir
There are also increased levels of lac- Interstitial and intra-alveolar edemaII, products. It has been suggesteid th,ct
toterrin in the plasmia ot ARI)S pa- hemorrhage, andl tibrinl deI iNt ion." products ot tisl, reaction arc responsi
tients," which Suggests that activa- 1)arnagc toi the tlng Wassoi to IA bile 10T the abillny o1 sti1111mulati ni-ti-
tion ot neutrophils and secretion ot depenident onl the availability cit the trophils in I itric to kill enotbei-
lactoterrin ha3s occurred somewhere complement systemn aniltthe presce eel lCII.1 Il In eperimlental studies. pro-
within the Vascular systemn. cii neuLtlopi Is. Lung lu tv e' CU Id be. ti-ctliiY by thi- intlteven-tUions that iii-

ARD S patictits also show evidence blockeid by treatment (ot theL animals11 privi-' the sVt-lm (11 irn InrI scavenge
cIt complement activation, ats demon- with catalase, which ist rc s hvdc -o~ H) suiLgists 1t1 h )C erhap t~l h1i-lk (It*, .

srated by alI trnati vi com plemen t gin peroxtLC ie H,( ) h'li reaction NseILlilee i nylC Iys 11w-
pa thwa, . changes,1 2 as, will as the ,Nlre recent lv aCc i II um ILMd Cvi - d kclXvl IJIL1 aiiL gIi-Ct,Ito I.I itbir than
prescnci-cc aI I icukoc-ce-aggregating ilenee: has sho wn that -ii In t'It a oi Ill cii o L-ieI\sidis- pi)IMId cts (Itci 1 1.
tacticr ,with the teatures cii the peptidec version prclduct iiIt HA,( Is ii~le. I 1C CeIiCI,itioil ci tIlk' LITii(i 't o\\ ~
tromi the ill compolnent iii compli-- nan11IV the C1 V ovix vl r idia I i LA I(Y ginl radic.1ls is dcinoiitiMCd Ill 31 sun-ll.
mnrt, - tia anaphylatoxin.11 Addi - This highly reCtICI-I Aind toXIL o\\ i.ll iIicul iilioO b thell, tllcI(ts in si-rus 0-.
tiiinall-, it has beer reported that inl radical Is thlUight ic Ki tITo neikl (it cliiticcIMls,

pa1tienits w%,ith ARDS), the iIN 1-antipril- thlrotigh theC Fettlonl i-ct oll is icc1

tiina si o bt ain abl hI vb bri nch ia lvii l ar lo w s: C-) - o~I cAi lio
lavagc i-ilid Is Inl a state if chemilical -I .L
ina~ctivationl dui- to uiXIdaIJve Changes IC-' - HiIA) - IL [f tll - (ilfd~cptsd

Inl .I mectiolV residue i this Prm- I l I-l

ti-in, - although ileutnlphil-ilepen- Ini tisl, pro( css. it(in is I~d e t o1 il IA\ I 1c 111 4 I
denit oixidaticlo Is not specciticallyv terric i,' st~itC. It is thlnuglt tHM
im1plicated. thle llvdro\vl raIdical is tIle 1nun11 1lo I,-e .Ii

These datai suggest th.it Ii ARI )'l Cul1prit Inl indoth-lia1 celIl it Iill
thin-C IS e Lvienic (t 1i-ntrlophil letl\va- tilIl odl 1 A ci t o l IL 11o1o 1 Xi Iiiti-i I his cikIt 111 ILI( scl Ielkc k i 'Il thIIe
tioh S) as ti I N as .e iili-li (It Iiti iit yiltiiitl I% til ti'.itillltt -'cii 11 .11 111 Ill IL lt I I i dli tiI-Ill cI t1 1 0 111 111.11 oc I\\c * %

cI th IIii ii pli-IIiCIt sysirtsl .\iru-iivi-r. ihe1li1tcis toi Ieicii ixl bi Il it Ib 'It h a 0 I- 'ilt ki tLcIIIlt t i j it I
ti-e titidings 1nia1 he LC n l n it lI tllw- t1 II\tillIi\\ I lI dhil s t11, iI %ii p1 t I'l ks \,i itcItc ll I Ii l1os11't cI.I t ,ic cit

pl th bug iirk l -I tH ) .11 p tii-nt A I d c I lng 1I~I tII l ,I li fIll iit i l ; I ti 0l AIil t1 Ill A Itl 1,I l%

si oi b t i t ur st l i g it beI~ o d utie iii i Ius . I I~ l AI lin l I Ilk I till I tI l it 1 ].m
1  I li lI It d9 .w

sl ilt, Ii-tiirs i ii hIi -pa issn td ci litI s ci ii Ilic i-il- itliii 1111 Ill thki)

wit - n t ll l ii t I Ii senra (It i It1ciIt.II1111 m11,g Jc tk-IcI in l'Ii. I, J kI , Is h l p Ill Hit ILI
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Fig. 2. ARDS and evidence for linkage
Increased numbers of neutrophils Cytotoxicity to neutrophils and complement
in lungs activation.

Alteration of lipids, proteins, and Fig. 3. Consequences of oxygen rad%-
Evidence for activated neutrophils connective tissue substances cal formation
in blood Cross linking c- f t

Cleavage
Complement activation in blood Peroxidation play an important biological role in

ARDS and in the other experimental %00%
Inactive al-antiproteinase in lung 2 Inactivation of ol-antiproteinase models cited. Oxygen radicals also

may be important to other biological
Potentiation of leukocytic proteases reactions. It has been demonstrated

that immune-complex-induced lung ,.-trophils, macrophages, and mono- ta muecmlxidcdln
cytes, are extraordinarily effective in Generation of complement-derived injury and glomerulonephritis are as-
producing this family of oxygen inter- chemotactic activity sociated with oxygen radical produc-
mediates. Following stimulation of 3 tion, and that interruption of this pro-meiathes. llorn b mtactic ocess will protect the tissue fromthe cell membrane by chemnotactic ijr.2s -.

injury5 2 .3  -
peptides or lipids, by activation of There is also evidence that ischemia
the Fc receptor, or by a combina- ably caused by the oxidant effects of and ischemic reperfusion injury of the

tion of phagocytic stimuli and other the oxygen radicals. Cross-linking of heart and of the small bowel are asso- .
agents, a membrane-associated en- proteins has been described, and cleav- ciated with oxygen radical production.
zyme, NADPH oxidase, is activated, age of lipids and peroxidation of lipids This may be caused by activated
NADPH is the enzyme responsible for and other moieties all have been asso- phagocytic cells or by tissue-as-
initiating progressive reduction of mo- ciated either in vitro or in vivo with sociated enzymes. Xanthine de-
lecular oxygen.19-26 This system is as- oxgen radical formation.42 ,4 ,47  hydrogenase is converted during is-

sociated with the main oxygen-depen- Another manifestation of chemical chemia to xanhine oxidase, which 

dent, bacteria-killing mechanism for change associated with oxygen radical then has the potential to generate Of
ingested microbes.27 34 If, however, formation is that the chief anti- in tissues.5 4 5 , Even the diffuse vas-
the activated region of cell membrane protease of the body, nl-antipro- cular injury associated with experi-

is not rapidly internalized as a pha- teinase, undergoes a relatively revers- mental malaria ' and the progressive

gocytic vacuole, oxygen products will ible activity change due to the oxi- neurological symptoms associated
be generated on the surface of the cell dative conversion of a methionyl with allergic encephalomyelitis have

and will diffuse toward potential tar- residue to a sulfoxide.4 2 Inactive al-gets. antiproteinase has been described in been found to be associated with oxy-
gets aniprteinse as een escibe in gen radical production. InterventionsIt is now apparent that many types the bronchoalveolar lavage fluids of that interferewith hydroxylradical

of acute inflammatory reactions, such patients with ARDS,14 as well as in formation are markedly protective in

as those induced by deposition of im- bronchoalveolar lavage fluids of ani- these experimental disease states.

mune complexes, by complement ac- mals injected intratracheally with for- Thus there is accumulating evi-
tivation, and by other means, bring myl peptides.Y dence that oxygen radicals are impor-

% about tissue injury because of the ac- Recently it has been demonstrated tant in a wide variety of diseases.
tivation of phagocytic cells and their that oxygen radicals can potentiate Continued study of their mechanisms

generation of oxygen radicals.4' .9 As the activities of leukocytic proteases of formation and biological effects will

indicated above, the acute lung injury by an alteration of the substrate that yield important clues for intervention

seen in ARDS may follow a similar is not associated with substrate y- in ARDS and in other human ill-

pathobiological mechanism. drolysis itself., " This implies that
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Naloxone and TRH in the Tr'eatment of Shock
and Trauma: What Future Roles?
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NALOXONE & 1RH
Berniton

(It he lrgerpircurse pro

leas tCT larr precpur ry pro-rcrsrAtiePe d
usuallacmpaied byJM I rees 0hc TABrop(rl~aoolE ()pziid Bela'pfiirphi aru pceus(r

dorhi, anT d th cindulrphins. hre-

mortal tashion. Shortened anid acctx'- Pro-ernkephalin A Met-enkephalin
Jilted cndlorphin traginils arc ailsoi Poekpai Leu-enkephalin
tou nd in the ci rculation and co n- Pr nkpanBDynorphin
Itit: part oIt what has been Inca-
SLIL red b radini ni u niassay as en -

duirphinl-likc imniunoruactivitv lin
hi dx t issues1 id ti ids POW) ( also were ti rst Isolated tri thc posteriior hcart. " By 18X90, a Cincinnati SUrgeon
has been ti und lin th 1 human adrenal pi't i t ar. I )v n irph in a ppealrs to he named Gecorge Crilc hegan physiologic
cortex. B-li IN i also f0iI. mudin brain processed at d it c rcn t sites t rum stUdies relating clinical shock to a fall
neCurons grouped Inl the ar cuate n11.- ciikepha lii anld cnidorph in, from at in blood prcssurc. Eventually apprecia-
dklcu anld Inl restritedk areas3' ot hy - unique precursoT called procenkephalin tion of the hcrmodynamic aspects, of
pot ha1,Lains as well I as thc u 11ICtCis B. Apparenttl\ divrorphin is, secreted the shock state led to ant appropriate
racttis soli tan us. These ileliri ns have Into the circlation fr1 trm the po sterioir therapy, volumec expansion, which wais o

lonwg axi ns protic ting ri si raliv, and pituitary In a nmanner similar to that well established by the cnd ot Wo rld
cuidallV to iidistan1t brain structUres. of vasuprcssin. lIn the CNS, dynorphin War 1. Since then, the uiudrni vicw% (t
Althiough pit Uinary 11cta -ejidiwph in is t inmunoreact ivit v is lou ud inl cell shock ats at hlpovolemric phenomenon
releaJsed lin a ho rmona tia ,I hilit, the hiod ies and 11eurin liti areas, tt the has ait timeus obscuredI the earl ier ap-

%target tissuesS tor t il' isCIrcLiiiatli ug brain stein, spinal curd, anterior liv- pireciarion that a CNS miechanismn was
piolid re illI a nno w n. Recenly pothalamuILs, anld substau"t a nigra. Itc- intinlatcly Involved lin the crhvs

Ilniphocvies have becii reported to re - riphicrallv dynorphin-containing nerve. cII lr derangements oit shock. The%

leaseo At' I H~ and endormphins lin re- ibcrs have been idencrtified iin the pre- pressor ettects ot naloxoruc In c ir-
spi rse to st imnulation iii withI virus or vertebral svnipat het ic gangl ia and lin cilatorv shock ,have been Interpreted
c ud iti , ' n I his In ax' be anoithler the miycriteric and su~bm1ucoi sl eteric as x'idece) that edi gCioI Is opioids

stin.e it circtilat inig opi. ids during ganiglia. play a key\ role lit CNS mechanisms
NoepssI. III generail, Ii'St CellIs do TIT I'ilease co ntribut ing to ci reulatorv dishomico-

I1 cIl CkephalII ins i r denived fnrim their sto res ut i(ipiate pe1pties steaiy,111 Istss, thus11 redirect iig attentioin to ant
il11.e it)%Nil larger we rICosilt, pro-tn - Instead, w hen hiimciistasis is, d is iilder iiiterpretatiOi iii the clinIical pie-
kkpiiailiii A I Large, ami tints i t met - ruptedI by stress suIch aS p)ain t uri1Vp0- ireI We Call sinoc k.
Aiiit Ituet-ike-phalin. together witii cat- iensiiin, eiiduigeiiiiis Opiiiids are eiahii-
etLi 0i.ii1nies. areit IMtl wit111iii the rated by their respective tissues. Uhis Opiate Antagonists in J
dense set rtiC(i. giaiiuiles_ 'I it1 ieltdre is deininstrated lh\ the remarkable ab- Septic Shock%
ni'l [InedillIAi '.x t I 111appearS to lie the cilco: lt etteet ot the iipiii antagoinist Intraveiniois administration (it e-nt4il-

I1tp~lies Sitiil[IIJ[iii (iit lilt' slplIii visecular paranlictrs. teed(lig behavior, tic shockl restilts lin a rapitd anlt p"iet-
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sh1,1t plausiuli hil1t lute kille toI 1,ititd deg- ITT tht.'riial stress. naoluiint alter-s byt, tiit stress (it shuck might act like
i$ ,ll,itilii 11\ II)t lilt tiid IetCIludise's i (iIix t The phv.soiliigue anII ha large d.oNs ut 1miirphile iit iCprscr-
I iikt'pAl,1ius11( ilsul ai 1Ciest IllN\1 syili- lo it rsponses uuscrveti, iinpliNIig CLItiltury 11.1cti1ii ttirtii, iialiiXuiie1
1p1Ik It I( 1g.iiigua luJ1dI 'll . elri ut-ry ikCit1 aetux at iiii ut eiitlogo:uitis o~piate: as testeti uingI tisl'iiitdel.1 Ii
iet \l I Ing %% it 1(1lietu-upptit- s. \sstVtlls is LtuiiiItiiig tio thiise te- tonld to reverse rapitix the alc t lr

kiuuktpIli.ilu.ipp..i II li.it tfirais 'polis-s piutt'isiuui that oiicurs wxithi enditiixp-
i1111k I iitillis at1111 tht-i uIt11)Iull 111i1 HI iustuIIal iii anti CureulatoItV Ill.' ,(ther experentslt eXteilt~id theCse

I\ I I] 1" I I llts t.I' l u-il,4ifirillis shuNlick hieheeii CluseICI linketi hi tii'ltiligs. Inl Tat tiltiutoxic. shuck. tllit
Ili l 11 t Lii11,1 i 1( \1i 1 kAY .110 11 .klo k a c n p nn u 11 l N 11~ t ltb o d p I-Ilk II

lk pli.din, itiili, i SIliithi till gci hituuis. 0Iuc ebripaleu siics tiopvk-iilut i loiit Prstit tui-
ti' %'ltillt I mIIi altimli e'.irtlltt nv teiri lit ltilu',NIL' 1-,dIl(1 "t lltiess tlii tialuis&iNC ACdil ilitlt '41s10

lit fiii In iiii-hm l.uuliiilk uu,is itTtLirut's Iand wxas thoiught iii he thek SptCCutuc lit iiiiiiiiiitIIIi t'tteetiII, tlist'
, fill 11i,11ii Ill 111k mi li l iet-il tLsiilt it a pctt riatiiii ut itriluis svs wa 0.1 rug kg, int1l IIIC stere'o uIioII1m

,1 ti it Il ii d .uil \ rtlruIl,iiiiis iii iuntiu. As late is 1596. lili- pit\- i(4 1a1liuiit wichI doesN nu1t hinld it -

t. Iti l i ' i s i ll iiii iiiti llr i'itil sli,-C H. h ko s IIuI ckl u il 11ls -,uui ux iu s a ii

hilli IiIll tluiiill ut1 tamuilil ll ( I t ' utur Still s1i-i ii,11i ~llit .' ilt: kg. ki' los tilt

730 Annals of Emergency Medicine

*8 dsti 111 il-i0 o lol ililogila iety' c'uit'itipliiili- sliii- il dgs uh-lixllimisx. '.%

'J"..%



infusion of E coh. Dogs given nalox- tems. Nahixone Improved bloo(d pres- during shiwik, ind re'slts in) iI1-1
one had improved arterial pressure, sure and cardiac ou~tput inl dogs sub- ished responses to endogenou11Ms o)r cx- ~
and this was found to be due to in- jected to acute arterial hemorrhage., ogenot)is CateCholamincs.' ' ' NoIne-
creased cardiac output and ventricular Total peripheral resistance, heart rate, thecless it might be advantageouLs
contractility. Peripheral vascular re- and portal venous pressuire were onl- during the course oAt reSuIscitaItion anld r%
sistance was unaffected. Twenty-four- changed. Additional studies with this definitive treatmecnt to reve'rSe' such .
hour survival was significantly im- model showed that increasing doses oit adaptive ftLiontIIs Ad c ndo gCIIo 0I

proved by naloxone treatment. Inves- naloxone produced progressive inl- opioids activated ",ih Shock. Well-
tigators working with live E coh creases inl cardiovascular performance control led chlical trials and addi -
sepsis in pigs, dogs, horses, and mon- as well as survival.", Recently nalox- t(ional research inlto oiid)L 11echa-
keys have demonstrated that naloxone one treatment was shown tol Improve nismis arc needed.
treatment can attenuate granulocytti- circulatory function and Increase sLIr- Recognition that doses oft nalox ic
penia, acidosis, hemoconcentration, vival following severe henmorrhage inl that are effective inl treating slio0kar
and hypotension.S, cynornolgus moinkeys.1- two to three timecs gireater than doses

Circulating heta-endorphin levels that mlax i iiall v an tagin i zu ipi ;itc anl-
are elevated during endotoxemia in Factors Affecting Response to algesia led to Investigation and charac-
Monkeys and sheep, as well as in Naloxone terization oIt the o)piate receptor ill-
human patients suffering from sep- Despite the experimental data pre- volved fin shock. There are several Al
sis.1A, Whether this is simply a marker sented above, the clinical Indications sutpso oit eetosta e
of the endocrine pituitary response to for, and etficacy oif, naloxonec remain diatyes( iffere t efect r, tnd ardit finl.-

stress (and causally unrelated to cir- to he established. Animal studies have guished hy their avidity fo)r binding%
culatory depressionil remains open to shown significant species variability different o)pioid liganlds., A The 'mu' :
questio~n, as is whether the site of ac- in septic, hemorrhagic, and anaphylac- receptor is primarily responisible for
tion tof naloxone is central, peripheral, tic shock models in experimecnts' uti- the analgesic effects, of morphinec. The
or both. Intracerebroventricular injec- lizing at wide range of therapeu.tic "delta" receptor miaA' be more nole
lion of naloxone partially reverses hy- agents, and this variabilitv applies to Inl au.tonlomlic responses to o)piates, ic,
potension following intravenous endo- naloxone as well. Fo~r example, Hill- inl Shock). Naloxone: preferenitially anl-
toxin;' however, intracoronary artery shaw found that naloixonec increascd tagonizes Into receptors more thanl dICl
injecttion of naloXone in amounts too blood pressure and survival following ta receptors,; therefore, higher doses oft
small to be effective intravenously fil- live f- Coll ifuLs10Ion ile dog, where nabix inc mnay be neede-d to overc mit'
proves blfodA pressure and cardiac con- sepsis causes at hypodynam lic ci r- its loiwer affinitv for delta rceptors ,

* tractility following hemorrhagic shock eulatory response.1 is n the hahoon. The -- ig iL dI0s.Ige Vial oft nai IX-
in dogs."' which mnifeitsts first af hyperdvniamic one available fi ir rvsAlt ifpiate a

-Recent evidence suggests that en- response tii sepsis as does man), earlx' algesia and respiratory depression rep-
* kephal ins can inhibit chronot ropic treat ment w%,ihnia loxone increases resents less thanl (ff0f)1 Ing kg inl an

and vascular contractile responses ito mortality -l Additiional baboon Studies S0-kg human1J~ being- AS no(ted above.L' .

catecholamines in vitro," I? Nali x- nlow suggest that when naloxone is coilderablx higher doIses. uIsully be
iine could act peripherally in vivo to given later, during the hypodynamnic wee nCI I .i nd ; nig kg. 111% ace been

-antagoinize this effect. Naloxone alsii phase, mortality seem s to be dec- efficacious Ill mos0t of the expt iMIL-1
may have an action, not uipiate-reccp- creased with naloxonc (L H inshaw, tal anmlStUdies USA 0s ofnan' At theL
tor-mediated, to inhibit superoxide personal communication. Shock sttid- AVailable1 0f4 flg %ils, tI aftiin high
product ion by activated neutrmph i I e nms ofedintshwcr- diSU Isage ini an lAin gs is ipraie

.%
ipersonal communication, C Simp- relation between acute improvements tical, anld inltri(iiIe.i pi issile risk iiiP. I
kins). Such neutrophils are thought to fin arterial pressuire an1d increased stir- toXICIty froiim th IsC t ei theCse
play a role in adult respiratory distress vival. Otir incomplete knowIldge A., vial S
syndrome (ARIDS) followintg shiick. the physiilogic role of endogeno0us Ani eXpe i meil-1 de liti te'Llf it11i

Both beta-endorphin and acetylated B- iipiiiids in shock I itts our under- tagiunist, Nil-10 I kL' 2 rvl esedilti xi

EP enhance neutrmphil chemiotaxis inl Standing ii the mlechanl]ims of naliix- shi ick inf tats, at di'scs tha hi'11\1, 1 no s
vitro in physiologic concentrations)t ime's actionls Inl Shock. if~icant effei' I (In) tIIIIrpIl JIiJi.lcsiAi
Naloxone also has been found tii Ic- Itsesulkl1ht1~t oo i pnlrai~ ts eo~ i

vent the increased pulmonary platelet gt-iU ils pii id systemils have CV1VUi l).IL vel late 'A ide IkI(I nr hit ISIII 0 I)IIJI id
trapping and platelet aggrgation set-i withiiuLt being anl adaptivt' re'sponIse prLt'ItIIlf i the kaippai iotM It
inl endotoxin-shicked, dlogs.li SCAILicS- conltribtting ito stir'ival Ill th'fe (if LCciii1 hIas beenII tnpi)I ocIl is .i p 'si1

tration and tlegtrnulation oft platelets un11treated hemiorrhage, hx-pottiSiM bIe conltIlltbi toI IJit-uitllei pith1'.'
anld neCUtrophils in the lung is thiught will rt-duc' bloodI Ils', sedAtiiin. II\ I psili'' "ltIodiLS JIii li t-s
tLA, be a Catisal factoir iif ARIIS. po(tht-rma. and mii~bil ity re'duceL e.ilti.it' hetp Willt spi fLlit k.i' 1'.i

inttabilk I ihematIds ift hV-piipt-rfuisCed '1.iit(iinits it) sp)ii~il n ainiind Is

Opiate Antagonists in tissues, Additiiinallv, If 'C11411 peih 't if- .ll~ i ieuit md-Is Ott .iiist i13il1\111i1 11
H-emnorrhagic Shock ftCts (If ii~IIIiids tii ideLI dese'ItIi:i tfl', a %,'i(.ik iI~I.('1st it1 thA. k.i'pi

*Acute h emirrhag e- prodUt-t- Prui- th I oft .IdreI'rgik treceptoit t(Is htp i lo .t list-s .0- ,pi t l k ifiiunil neuroundocrine changes, inl - couLld. ill tlieiiry dcreTase 0lit kiii',I i ',It II\ 1)Ittis1OAl .iii1d fli1r(t,', it

cluditig increased vatet-I lailnc itnd tt'gillitii ito theseNL rcipjtIrtS whi0 tlA. o1 ill inso10m1l~

Vasumrecssin relt-ast- This stre'ss ASoA (icuirs quite rapidvl i ( the c (ite Ill lil',,od p1I 1h ilt is li t %si p

could activatte enihgt-nis o)piate s 's - tost' sxnptiimdoLlar'i- ~Iti',',I ieiis .ii,0inliilist' Iii) J . IAnl fMdcn 3
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NALOXONE & TRH
Bernton

Gurli et all' have shown that inl (TRHI, a tripeptide hypothalamic re- probably involves more than a tran-
monkeys subjected to hemorrhagic leasing factor, has potent physiologic sient improvement in arterial blood%
shock, the greater the acidosis, the and behavioral actions when given pressure. Intracellular calcium flux,
less the bemodynarnic response to pdrenterally at pharmacologic doscs.2l oxygen radicals, and disturbed micro-
naloxone. Thus correction oIf systemic These actions are independent of its circulation all have been implicated in
acidosis may be necessary to permit endocrine effects on thyroid-stirnulat- the progression of spinal injury, and "
maximal response to naloxone. This is Ing hormone (TSH) release. Supra- could be affected by naloxone or TRH
also the case with the catecholamines. physiologic doses of TRH result in therapy. Six-fold elevation (If plasma
The hemodynamic response to nalox- arousal and in increased respiration, met-enkephalin levels has been re- .
one in enidotoxic and hemorrhagic peristalsis, body temperature, pupil ported in spinal shock patients; in the N~
shock also has been shown to be size, heart rate, and arterial pressure. same group, treatment with 2 mg
blunted by co~ld ambient tempera- Observations of these effects, all op- TRH decreased niet-enkephalin levels
ture1'*1 -211 The reasons for this effect posite those (of opioids, prompted a to the normal range. 2 , This suggests
are unknown. trial (If TRH as a physiologic an- that TRH may alter the release o~r dis-%

tagllnist of opioid effects. TRH tribution (of opioids following spinal
Naloxone in Neurogenic Shock, was shown to reverse the cataleptic injury TRH has been given toI human
Spinal Injury & Ischernia and hypothermic effects of beta-en- beings in doses oIf up to 5(X) mg JIV

Neurogemec shock, characterized by dI(rphin.2l It was shown also that during several hours) without dan-
hypotension and o~ther autonomic dys- TRH does not antagonize the anal- gerous side effects. Studies (If the safe-
functioIn following acute spinal cord gesic effects (If beta-endorphin or mor- ty (If TRH in acute spinal iniury pa-
transect itn, responds to treatment phine, and does not bind to the opi(Iid tienits arc near completion, and con- -,-

with naloxone. In anesthetized cats, receptor. As does naloxone, TRH im- trolled clinical studies arc scheduled
rapid cord transection at C6-7 pro- proves blood pressure in spinal, septic, to begin shortly
duced transient hypertension followed and hemorrhagic shock models)' Un- Preliminary studies suggest also
by protracted hypotension. This hypo- like naloxone, TRH has marked direct that TRH may be a useful therapy for
tension was rapidly and stereospe- pressor and behavioral effects in nor- anaphylactic shock. The hemo-
cifically reversed by i-tnaloxone given miltensive, nolnstressed animals and dynamic effects (If TRH seem well -

IV oIr intracerebroventricularly 2 11 This human beings. suited toI colrrect the primary abnor-
suggests that hemodynamic responses Thle pressor response seems toI be mality in this form (If shock, ie, mas-
to naloxone after spinal transection mainly the result olf an increase in sive vasodilation. Mmcrovcv, anaphy-
are mediated by opiate receptolrs with- toltal peripheral resistance, rather than lactic shock, and the "anaphylactoid"
in the CNS, perhaps involving vagal the result (If improlved cardiac func- shock induced experimentally with
efferent pathways. Further studies cx- tion. 22 While the effects (If naloxone colbra venom, platelet-activating fac-
amlined naloxone treatment following in shock prolvide evidence for the con- tor, or leukotriene 1)4, are (often quite -:

spinal Injury. Acute cervical cord in- trihutory role of endogenouLs Ollid resistant to conventionial therapy In ,.

jury was produced in anesthetized systems in shock, the effects of TRHl animal models, anaphylactic and ana- ~~
cats, resulting in severe spastic quad- inl shock merely demonstrate this pep- phylactoid shock are reversed much
riparesis in conitrol animal. In, con- tide's known pharmiacologic effects, more effectively by TRH than by
trast, inictilln of naloxonc ats long as, without yielding similar Insight intol nal(IxoIne)(,

forhours following'nur o only (iNS nmechinism,, specifictosck
improlved hemnodynamnic variables and TRH does possess at practical .idvaii- Reported Experience with V ~-
.spinal cord perfuIsion1 acutely, but 11ls.0 tage in the cir-cLISUMaces ot traum~latic Naloxone in Shock
significantly reduced permianent neuL- inju1.ry: it does 011t act as naloxone Miost of the published reports (If %
riilogic impairment measured follow- does toi ri-verse nlarcltIC ;anailgesia. naloxone treatment (It shock are case
Ing a six-week rcllverv periold_'I FRH has been in vestigated ats a reports that lack randonized controls.

In rabibits, 20-1 minu.te occelusio~n oIt therapy follolwing spinal ctird Injury. Most ot these reports pertain toI pt-

the intrarenial aolrta prllduIcS anl ante- Atfter blutio t ra uma ill thle CXPOSCed tienv ,ts wi septic shock whose oil-
no~r spinal artery occlusio~n synidromec dora (It the cervical coIrd inl anestlic- go ri ,i, h yplt ens nln, andl decreased
with development lot permanent hind- izedL cats, TRH iniprow bveloos d thlw 11W iliila IstatI115 were uinrespolnsive tol

li mb paralysis in mo re than 90)"'. o toil thi- colrd, (01 pmV iveil pltcn si 1, steroids. VII1 tiu XPansi01n, aind press- %

the animnals. Pretreatme-nt with nll x- lessenedlttle sevi-nitv and iInCIdIlCi (It I r Mcatclolaimincs Althou~tgh so~me o1f
otic (2 tug.kg1 ign iicant lv rcducis pul montary cileia, rL(i-iCLu mi Iit~il it., t hi pa Hicnts ri-sp1IIm dC-d to va ry ing
thi-, i-urlow gic dticit .at 24 and 4S Aind redulced i-% chroni -rllk lc lyhlo: dllcSs IIt 10,111 IXI nc w'ith r.1puil Improve.

I lurs -, UnIi ki- Inl Stkldies (It enl]ItI X- Lite t " 1 I 1i i List CI ti-it \%.I' ',CCI nent i1ll b II Id prcissori-. it is unclear

it ,hocIk, icltJi -select Vi 4pli.tC rcip- w-ith lewct ((n It It IRH I,. Ilg ais 2-4 whit hi- rt hi tiaIIICi int irvin It illS
tlor ,I itlg is~ts .ari- lltil it tect On1 hours aitir spiial cord iiittir\ Il i led llltlil1itelv II ,iil\incrieas- ii sir-%

i()rd li(h'illI illldi-IS. wh11le the mutI tIolr-w~iv clliparislloi using ihi,- ((llid vital ( nc raind~inlZi, CoottIolld

old kappa-si-cctivui- ntaigIonit WIN traumallilioil (lescriheil AlIVi-, [1 i~10 III -7 pMICtnsIt Lolp,IlCdl n11IIixIAl
41,441 kl()liS dit-iCSi- risidul. Ii-li- was, tllund tol hi nwlre' ettL'*i-c'v In 1111 st~iiidird ihrInc ldinlg c)ltllnil-

ri llio llmiia~gi- prolving lctirlllllgii oIlitiL0OC tin1 %%A', (RIs d(I p 111iI flkl o ld igh (dllse iflcth1Vl-

TRH in Spinal Injurv & itt v-thanl Sillic l II? hlg dilk k151j dc plls () I m kg nil (XI'x ii- tl'lh ICd 1w
Anaphylactic Shock .i-.th ii'II i ug kg 1111II liii - - Iitcan1t Inl-

li h r liii r-lcai-,iing 1lrnilonc I11 (yiiih un It tllls [R I ttici I %%IiL'su Il(li Ill '-\qllc b11lod
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pressure and left ventricular stroke showed an increase in systolic blood of response to conventional therapy
work index, as well as in circulating pressure greater than 20 mm Hg fo- was not an entry criterion, a hemody- %
epinephrine and norepinephrine, fol- lowing 0.4 ng to 4 Ing IV naloxone; namic response to naloxone appears
lowing naloxone therapy. None of three of these patients survived. Five to be demonstrated. Case reports (it
chest changes was seen during the patients with bradycardia and hypo- naloxone therapy show a pattern of
course of therapy in the control group. tension following inferior myocardial beneficial response in patients who
No increase in survival, however, was infarction were treated with 4 mg IV have no evidence iif systemic disease
noted in the naloxone-treated group. naloxone and they responded with im- or organ failure.-

Peters and colleagues reported a se- provement of heart rate and blood Published reports - even anecdotal
ries of 13 adult patients suffering sep- pressure. These authors did not state reports - of the use of naloxone in
sis who were treated with doses of whether atropine was also used. Three hemorrhagic or other hypovolernic
naloxone ranging from 0.4 mg to 8 of their five patients reported chest shock are lacking. One reason is oh-
mg.2 11 In nine patients without adre- pain following naloxone. The authors vious: hypotension due to hypo-
nocortical suppression, naloxonc re- did not state whether any new is- volenia responds well to control of
stilted in a mean increase of systolic chemic changes on ECG occurred at hemorrhage and aggressive volume re-
HP from 79 - 2 mm Hg to 109 _ 4 this time. Six patients with uncolmpli- placement. Patients managed in this
mm Hg. Only three of the nine pa- cated myocardial infarcts and normal way arc unlikely to meet the criterion
tients ultimately survived, however. heart rate and blood pressure received oif tailure to respond hcmodynam-...-
Four patients with probable adreno- 4 mg naloxone with no change in ically. However, the clinical course can
cortical insufficiency did not show a these parameters and no subiectlve he complicated later by AR)S or
significant pressor response to nalox- side effects. acute renal failure, both of which may
one. In a recently published study, Rock cause significant late morbidity. Ani-

Catherton ct al reported that three and coworkers- reported that up to mal studies ot naloxone's effects in
newborns with Group B streptococcal .3.l mg/kg naloxone was administered hypovolemic shock models may be
sepsis were treated with 0.1 mg/kg to 12 septic patients who were unre- more closely related to clinical
nalxone tollowing continued hypo- sponsive to volume replacement and efficacy than was the case with mod-
tension with conventional therapy vasopressors. Hypovolemia, acidosis, els If sepsis. Traumatic shock usually
Systolic pressure increased by a mean and hypoxemia were cirrected betore occurs In an otherwise healthy pa-
of 21% _ 4'Y,,, and two of the infants the protocol was begun; then hemo- tient. This tact eliminates the variable
survived.29 dynamic baseline measurements were of major preexisting illness which is

;roeger et al reported the cases of obtained. Only four patients respond- present in septic patients but not III % -

ten patients with refractory septic ed to naloxone with increases in MAI laboratory animals. A clinical trial of ".
shock who were treated with 0.3 mg/ Statistical analysis revealed no signifi- naloxone in traumatic and hypo-
kg naloxone. Five patients responded cant change in any hemodynanic volemic shock should involve its use -.

to naloxone; in those patients, systolic parameter following treatment with to "buy time" for conventional ther- "
HI' improved from a mean of 83 ± 4 naloxone. Furthermore, four patients apy and then use as an adiunct to such
mm Hg to 130 ± 16 mm Hg, and left had adverse side effects following therapy. Appropriate study parameters I
ventrictIlar stroke work index iri- naloxone, including pulmonary would include the incidence of death ... e
proved by more than 35%,. No im- edema, abrupt hypotension, and grand or major complications, such as ARI)S
provement in ultimate survival in meal seizure. alld ARE following resuscitation. One
the naloxonc-responsive group was Taken together, the clinical reports such study IS niow planned at a region-
fiiund. Ii to date deal mainly with septic shock. al trauma center.

At doses ranging between 0.01 img/ Entry criteria for formal studies gencr- A subgroup ot hypovolemic patiens
kg and 0.2 mg/kg, nalixone was ad- ally have included shock refractory develop bradVarrhythmlas or map-
ministered to 1i patients who had re- to treatment with antibiotics, vaso- propriatcly low heart rates, and may . -
fractory hypiitension olllowing men- presslors, volume expansion and, in be at high risk for inn in t c n--n
ingociccal sepsis, I Only three pa- some cases, steroids. The clinical tricular tibrillation or electronechan-"
tients showed a sustained Increase inI groups included in such septic shock ical dissociation LMI). I)ata tromn
mean arterial pressure of greater than studies display extensive and often animal studies suggCst that .lOXille""
2(0 mm Hg following naloxone admin- prolonged henodynarnic compromise, may prevent or reverse these changes,
istratiin. ()nly four ot the I. patients multiple imetabolic abnormalities, and allowing time hor cmtlonl ot hleeding 4
survived, The adrenocortical function ottcnl extensive underlying disease (it and adequate volume expansion.
ot these patients was not assessed, but nulti-organ failure, or hoth. The tre- Rothstemi and cowirker, have re-
it is a tunctioi that is often Impaired quInt lack ot response to naboxone in ported that ot tour dogs developing
tillowing mninngococcal septic shock this poipulation, in contrast to experi- EMI) tollowing arrcst, tl'R, and clec- .
It has been hypothesizcd by Peters -'" mental animal studies, is not strptis- tn cal deibridlat in, all devcliped a
that adrcenocortical ftinction is re- img. Aninal studies use healthy ani- pertusitig rhythm follwinLg mug kg
qtlired ti r nalixorie Ito improve heinio- mals nade acutely hypotciiSive with al ixol'. '

dvnamics in the shock state. endotoxin or bacterelnia. The nunials ( )hviousl iht imnpoihec o niilCox -It•11110N

liernard ct a ' adilmIstCred n,iOx, usually are not resuscitated with anti- one in clmical ,hock thctalpv '. Ill i'-
one wthiii 24 hours ldhwing acute b1liotics, vioulm.II Vxpsin", steroids, min uiinknown Uiles, laigo I v'l- oll
nmvocardial infarctiln in 2(1 pati'its. And V.isoprcssors, wit the' nonrespo- trolled clinical trials , iiimdocied 11 ,'
ELight ptiCnts in ardIog'nc shock dcrs selected tor ialoxone therapy, dit' ielthl i1n1111.11 imI h.MIAll stUd '

and (inrCsp0IIsive to IV dihpamliiiC In the 1h11dies studs; in which lack Is ,,tter ci goudmimlc Lcg.iilmg ihe I .
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NALOXONE & TRH
Bernton

clinical indications and efficacy of nipheral actions. They are present in l'hvsiologis 1981,24 II8-I23 r

naloxone across the clinical spectrum autonomic ganglia, and probably mod- 9. Weissglas IS: The role ofi endlogenous
of hemodynamic impairment encoun- ulate synaptic traffic there; they act opiates in shock: Experimntnal and
tered by the physician. on the endocrine pancreas and affect clinical studics in vitro and in vivo, in

D)angerous side effects have oc- insulin and glucagon release; they Reichard S, Reynolds 1), Adarns H jedsl:
curred that are attributable to nalox- may regulate adrenergic receptor Sen- Advainces in S~wo-k Research. New York,%

one treatment of refractory septic sitivity to catecholamines; and they Alan R Liss, 19S3, vol 10, pp 8-1-94. 1

shock, particularly in patients with may affect neutrophil activation and 10. Lechncr R, Gull N, Reynolds IV Intra-
severe systemic disease and organ fail- chemotaxis. These peripheral effects coronary naloxone in hemorrhagic shock:
ure. Sepsis itself can, of course, result of endogenous opioids must be better lDose-d~cpendcnt, stercospecific effect,,.
in hyper- or hypoglycema, but animal elucidated before the actions of opiate Am I I'hvsio ) 98S, in press.
studies suggest that endogenous opi- anaoit i hc tte a e I. Eiden LE, Ruth IA: Enkephalins mod-

ates can stimulate glucagon release fully characterized. Currently the ac- ulate the responsivcness (it rat atria in
and can mediate hyperglycemnia fol- tions of naloxone in shock states a- vitro to norcpincphrine. /'epr ides 19S2,
lowing various stresses, including sep- pear to be mediated both centrally and 3:47-5-478.

sis and hypovolemia. This effect is an- peripherally. Research in this area has 12. Ruth IA, D~ocrr AL, Eidcn) L-E Lcu-
tagonized by naloxone.36,17 Certainly stimulated interest in examining the cnikcphalin inhibits norcpincphrinc-in-
septic patients receiving naloxone possible resuscitative uses of other duced contraction ot rai aorta. Ear
should be carefully monitored for the neuropeptides, such as TRH and lPharnm 19S4,10,):189-191.
development of hypoglycemia until glucagon. 1.3. Simpkins C, Dickey C, Fink M: rI

additional experience permits assess- Clinical data on the safety and Human necurrophil migration is enhanced .

ment of this risk. efficacy of TRH in treating spinal cord by beta endorphin. Lite ,c 1984;34:

Cae eprt t) ae iv istncs iniury should be available soon. Cur- 2251-22%5.

of dramatic hemodynamic response to rently the role of narcotic antagonists 14. Almiqvisr 11 Kuenzig M, Schwartz SI:
naloxone. There ate, however, many in the treatment of shock, alhough Effect of naloxonc on endotoxin-induced

reports of no hemodynamic response showing promise in experimental pulmonary platelet sequestration. Aciti
or adverse effects. Even with good he- models, must be delineated by ade- Chir Scarnd 1991;49:2.-26.
modynamic response, it is not estab- quately controlled human trials. 15S. Vargish T, Reynolds D)G, GurlI NI. et
lished whether naloxone administra- al: Naloxone reversal ot hypovolernic
tion results in increased rates of shock in the dog. COrc Shock 11)8j),7
survival. The factors responsible for, References .31-38.

or that predict a clinical response to, 1. Bernton EW~ Long 1, Holaday JW: 16. Guril NI, Reynolds DGC, Vargish T et
naloxone have not been identified. incidsulandr neuopk.pFds MochanSms4 al: Naloxonc im'proves survival rate and
Only prospective clinical studies with icrultyshk.edPo1954: cardiovascular function in canine bemnor-

randtomized controls will fill these 29-99 hagic shock. I I/;armacol Fxp flier 1982,
gapsin or kowlege.The role of 2. Blalock El, Smith EM: A complete reg- 20252.

opiate antagonists in circulatr ulatorv loop between immune and neu- 17. Gurll N1, Reynolds DGC 'sirgisli 7
shock may remain an open riuestionn sytm.Fdlrc18;4 t alI: Body temi perat rc and acid- base

questionmjC 108-Ill, balance determine cardiovascular re-

.1. Prosdocimif N, D~i Cmlii AM, Firicsso spOnsCs to nal1oxoneC in primate hernor-

CocusosA, et al: Inhibitory role oii opiates (Il rhagic shock. f-Ud Proc 1982,41:1 Ii3- I I Is

Exprimntswit opoidantg- gangliomnic transmission, In i"Cnazzai 18. Hi-nshaw L, Reler B, Chang A. etA
f. xprimnt wth piid ntg- AR, Muller EL jedsl: Recent l'rii~res inI EvaIluation oit nialoxone tiir theraps' ot L

(mists reveal that endogenous iipioid Ofioid Research: LCeiiral and, /enlphlm coli shock Species differences. Arc/i irg
systems within the CNS are activated Endorphiris. Pa',ic anid C/ninca A -pect- 19h8S In press.

%by Stressful situations, such as shock. New York, Raven press, 1984, P) 12119 ilia1W idnA NlonLct

Thee sstes ae srucuraly ii 4 Ian YN, Lily YI. Coexistence and core- at cenitral opiate receptors, to reverse liv-
calized to areas of the brain stem and lease of cholinergic and peptidergic trains- potcnsion, hvpothermia. and hvpoivetdal~-
midbrain, where they not omnly affect mittcrs in frog sympathetic ganglia. 1:(ii tion in spinal shock. 14rai Rc, I 980.
atitonomic outflow, hut also may inte- Iroc 198.3;42:2929-2933. 189) 295-299.
g,,rate the limbic and emotional input .S. Holaday W Cairdiov-ascular effects ot 20. Janssen HI, Pugh It-, Luthercr L0i Re
to CArdiovascularT function . D~uring endogenous o)Piate sVstem1s. A111 tin Re ducedI amb11int tem1perat ore blocks tbe
Shock, act ivati on oif e ndoge nou s f'/iarniaco/ Tixico if983;2 3: 41-W4 59I.bil tr (it naloxoine to prevenIt cenditoxiti
opioid systems contributes to loss of 6 oa~y1 ~ieiA:Nii~~ervr Induced hvpotctnsion -1,J1 sh A 1i",

ci-erculatory homeostasis. In general, sial ot Qndotiuxic hypotension suggests role W92 I-124

60this may involve ant inhibition if sym~- of endorphins in shock.amr 197 8, 21. [Jiden Al ( piatc aitgigiits aind thy-

pathetic outflow and, perha, u- 275-450-451. orpntianghmncltctj oc.4
mientation of parasympathetic tone. 7i RenlsI; .rlNVrbI In the tre~itrnCnt Oftceitil1 Iervomis N\1 %

)pioid antagonists reverse this effect. a: Ickdetoptercctirwth tern int-. /A 11A l')54 2 -4 -4;' 14 5-i

W7! pimid peptides also are released pe- naluxine improves survival aind caitdl( 2 algiv Phios .Zo ln k

ripherally ttilluiwing stresses, such as pertormance in canine shock ( iti,,, ml A ommniti ,,ssi mrlclii I OH'
sepsis, from the pituitary from the 19)802:9It 48.iiiiH~Kii~,c~lulimismil~

~-- adrenal medulla, arid (perhaps) tromn 8. Girll NI, Reynoldls DI ). kirgi~h I et 11,1N1,1Iti?\"j1" l 1.

lynmphocytes or macrophages. ()pioid Al PInmat Cn~dOWti sliii: k tcverseil I) 1WK
peptides have pooirly understood pe- opiate receptor blocikade \,it iiiiidlixoiic I IsLeiI lii M V, I I' Iti~l, V
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Succeed in Managing YOUR Practice Through

MANAGEMENT STRATEGIES
IN EMERGENCY MEDICINE

A New Workshop Presented By

THE AMERICAN COLLEGE OF EMERGENCY PHYSICIANS

This intensive workshop will enable you to.

* Select malpractice coverage designed • Establish and implement effective
to meet your needs policies and procedures

- Develop short and long-range plans to * Determine your markets and increase
direct your practice growth your market share
Optimize third-party reimbursement • Prepare and negotiate comprehensive
• Recognize opportunities available contracts

through joint ventures with other health • Identify opportunities for computer -"

care providers applications in your practice
* Effectively contain costs without * Initiate successful billing techniques

sacrificing quality .Apply strategies to help you work more
• Reduce medicolegal risks within your effectively within the Medicare system

facility * Develop an innovative PR plan
- Create realistic staffing guidelines Establish positive patient relations

No matter what your practice setting, hospital emergency department or ambulatory carecenter, this is the program for YOU!

" Emergency physicians

* Group directors
" Operations managers
" Billing personnel

This program has been approved for 25 hours of ACEP Category I credit

NOVEMBER 18-20, 1985
Hyatt Regency New Orleans

New Orleans, Louisiana

ACEP Members - $440.00* *Includes a comprehensive resource manual
Physician Non-members - $490.00* providing in-depth coverage of all topics
Administrator/Others - $490.00* opening reception and all coffee breaks

Hyatt Regency New Orleans
$76.00 Single or Double

For a complete program brochure call or write:
ACEP, PO. Box 619911, Dallas, Texas 75261-9911, 214/659-0911 .1' ,,,'.i
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SPECIAL CONTRIBUTION
brain ,schermia brain ultrastructure,
calciurn calcium antagonists

-• d

Ischemic Brain Injury and Cell Calcium:
Morphologic and Therapeutic Aspects

Histopathological data obtained from different experimental models of Jos Van Reempls
hypoxia and ischemia were evaluated in order to extend current knowledge Marcel Borgers DrSc
of mechanisms responsible for delayed neuronal cell death Special atten- Beerse. Belgium
tion is given to the distribution of calcium (Ca2 +) in vulnerable areas dur-
ing the postischemic period. Between an initial defensive Ca2+ sequestra- From the Department of Life Sciences
lion, which is completely reversible, and final toxic Ca2 + overload, which Janssen Pharmaceutica Beerse Belgum.i
is associated with irreversible neuronal necrosis, important Ca2 + shifts
could be demonstrated cytochemically Such shifts occur mainly at excit- Presented at the 1985 UAEM IRIEM %
atory presynaptic sites and seem to precede structural ischemic cell change Research Symposium in Orlando Flord,, %
in postsynaptic areas. Recent results obtained with some Ca2 + entry block- February 7-8 1985 %
ers indicate that prophylactic treatment and postischemic intervention pre-
vent cytosolic Ca2+ overload and reduce delayed brain injury. IVan Address for reprints Jos Van Reempts r
Reempts I. Borgers M: Ischemic brain injury and cell calcium: Morphologic Laboratory of Neurocytoloqy Departmeil u N
and therapeutic aspects. Ann Emerg Med August 1985;4:736-742./ of Life Sciences Janssen Pharmaceutica doo,

B-2340 Beerse Belgium

Introduction
Irreversible structural disintegration of the neuron is the final stage of a

series ot complicated pathophysiological processes that may follow an is-
chemic or hypoxic brain insult. Evaluation of morphologic changes is there-
tore important, not only to study the mechanisms that underlie such injury,
but also to study the effects of antianoxic pharmacological treatment.

In the past five years, interesting reviews have appeared in which the corn-
plicated pathology of ischemic brain injury is discussed in detail.' I Among
the hypotheses put forward, the concept of toxic Ca2 + overload remains %
very attractive because several other biochemical events related to ischcmia
may result directly from abnormal increase of intraccllular Ca2  concentra-
tion. I Ca: 4 is involved in normal cell function, particularly in active pro-
cCssCs such as ncurotransmission; however, altered membrane permeability
tr this cation (as a result ot hypoxia, for example) may have dramatic conse-

"' Lucnccs for the cell. Using cytochemical techniques, we have shown that e
irreversible neuronal damage is associated with considerable intracellular ,
Ca2 ' overload." With cytochernical techniques it was not possible to dcm-
onstrate a causal relationship between Ca2 + overload and cell death, but
several other studies suggest the pivotal role of increased Ca? accumula-
tion in processes leading to irreversible neuronal destruction. I%

The reasons why sonic areas in the brain arc more vulnerable than others
to) Ca-'2 overload are not well understood. Altho ugh vascular determinants .- .
may be important, metabolic aspects merit a greater consideration.- Synaptic
release of excitati)ry transmitters 1glutamatc, aspartatc) is now thought to be -
important in selective neuronal necrosis. " Moreover, there are numerous
indications that receptor sensitivity to glutamatC-induce.d depolarization at
the postsynaptic membrane is triggered by Ca 2 I . 11 As a ConsequenSceC , one
can hypothesize that damage to the brain should be reduced when Ca-' %
triggered transmitter release or postsynaptic Ca2 ' accuIultLMiin, or both,
are suppressed by Ca2 ' entry blockers.

We review the histopathological picture in ditcrcnt experimental models
ot brain arcas at risk. Special attention is given ito changes in tlisori blln ot
subccellular Ca' ' Some new data oi the pr tective effect of Ca- VciI e"I
blockers also are included.

14 8 August 1985 Annals of Emergency Medicine 736 11
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SCHEMIC BRAIN INJURY
Van Reempts & Borgers

-I-

* / .%

Fig. I:la

Fi. :Lt icros;pc aplk ancc bIIb a~ prced in, Unilateral carotid I trI t ira liii cyt ci cia pinoil
of t/ile braini ol a .3 -c d'old/ iat wcithi arte ry OCCIIusi on. Ill thi ISChC IllIA CII that CaLISC a IIcuronl to hccomc ir-
uilate'ral carotid art ert' ligationi anti St tdy, Incomplete i schem lia was oh- reversibly damaged. O nce central ner-
exposedl to 8'!, o.\vgen for 2 hr ait an tamned either hy transient occIlusionl Ot vocis systemi (C'NSI tissue is, heloW

* age of 7 dayis. A whole-inotnt coronal bot h carotid and vertebral arteries threshold vaIlues of cerebral bhl idli i
section (A. x 6) show-is severe atrophly tfour-vessel occIlusion, 4-VOl ,or by a ICKW and arterial 0) tensioin, (a

-. of thle ipsilatcral /iippocanipi (arrow) combinatio n of hilateral carotid artery transh cates trom the cxtracell ilar to
andl neOe-Ortex (N(C): thle coot ralateral clamiiping andl severe b yptotnl the intracellular space.1 (ICa' can
iernisp/iere rinoans iinaffectedl. At jtwo-veCSe I occILisionl, 2-Vol. '" be visu~alized Ii the elect rin in ico
higher magnification (1, x 7it), aI The miost stri king neuropatholog- Scope as electronl-denUse preccipitatcs.
characteristic norpiologic fIci ore i cal OLou I lmewas fOu nil after pro- Ini the normal brain, suChl precipitates

* found, rese'ni/irig that of the aidlt Ilge2d hypoxia in the neonatal rats. are very scarce. Only synaptic vesicles
- hvploxic rat. Ischemic cell% mndergo Two weeks alter seven-day-old rats L1in- and Ito; a lesser extent)I itoclii ndria
- cttagiilative ccll chanige (black< arrow) derwent a two-h1our eXp)ostire to X, ci ntain single precipitates.

or edeniatois cell change (white ar- 0, a severe atrophy it one cerebra I l In revio Liu repi ir*,s, WXC tOIil that
* rots'). and cani he caii 'al di scurnied hem isphere was visible (Figure IA)I. Ii tar-advanc-d stagc-s ot eellI damage,

froin nornial neuronts (N) and a',tro- Thc- de-gree of damnage was related di- the intracceluilar C a' * co ntent is, auig
cvtes (A), rectly to the duiration ot hyp)oxia, and IenCted drainatical Is' I I Acc inli-

it is. colrrelate-d with a release ot vais- lions ol Ca, p-rccipi tate %%Cer c-i-
OactivC annCs dciring the hypoxic Ii- cou~ntered in) swollen In itochumlrina, In

Histopathological Data froin sLilt."i Cell chanlges Inl vii nerahlc- swollen cell processes, Ill nliCI, and
Current Experimental Models areas, were similar to those observed Inl C~topIaSInIeI VaCcioles (It coaglaI.ted %W

*The FICIeri pat hological aspect and Ii the adult hyp)oxic and isChinIic ralts, neutronls. Cai mi IVemeilts10 dun rig.L the -

thle hi net ii a I severity ot cerebral and could be Classified as Cilagulativc7 carls' phase- (it rc-p-sio1,11 iitt-r a 2(4-
damage are dependent oin the type- it necrolsi s ()I nc-tinins and edem~atouIs in inci~te perOi d Il 4-VOI , deserve spR-

* applied inIslt. It is a wel I-recognized cell change- ot istrocvtcs I Figcr I Bl. cial attent ion. Large aninilts ot picIL
* Phenoineno n that incomplete isehec- Mioreover, i I ncom plete i sclhem ia cipitate were. totiid Inl swi41. lle in i

inia is worse- than complete isclie- Models, dLaxedIL damlagc' Was most1 chiWIdria3, swle l ccI prcsses, andk
mia. Moreokver, thle vtilneVrab1IitV of Proniounced and strictly imnited to the nuliC] owever they alo ccHIrcd Ini
certain brain areas mlay difter Ii rc-la- CAl region ot thc' hippiicampus (Fig- si i11ll a amlounts In areas thaIt rt- -

ti on to Iiy pox ic and i s Ii eic Ii- tire 20. Ini contrast, changes duiring ci vc-ed And Sciri'MC-d It "Ast ecli
Stilts."'Ft: experinic-ntal models that carly ri-circuilation pc'riocls consisted oIt ciiiicltidlcl ithai snLCb ('Ja - loading, --

have becen cisedl HineLce both hypoxia Ilicriivacuiilatioii localizcc over the which Wasl Co)ilcoillt,liit \\Iii mliciot).
and ischemnia. All perm ittedl pro loingc-d ent inc IIIIII)uiA1ill P'S [Ill s Chiang- Is vic l i iad d mi l'IMnLs \c-l1g.
sur-vival ot tice animials. Early plistin- con"sKic-C to re-prese-nt revecrsible cell cold releLCt Anl -bIhIlt cletetISc itI-lel-

- stilt phelnmc-na aS Wcell as dlCavccl changes. 1k'.iism AterreiorIiro sit kcerebral
neuLronal cell dea~th 011c1s couild lie clircil'itIIIII .Ill (cll icyaiiieckl ithtii
stUdcli-d Subcellular Morphology and noilial stiilic(ilme

In thc- hypi ixia stcIcLV, i Xy'geil supply Ca2 + Distribution Ibs(n nI -liescI~t s1n sit
was rc-duIcc Inl aduilt rats by Intermnit- A mor- dctailed dClcsrIption ot cIbri-~ thIIlloi liocceset Ill \1iiliiciihlC Incas1
tent eXp))Lisc to [)circ nitrogc-n' And sirLictLIrIJ Cell Chaniges And su1ibcc-lliilir NCIIIoIil dLes(iLt icill IeCLAlt line )
Ii neonatal rats by prolonged expoIStir- ('I a' kisiiilliiioi At clittcreiii ni-i-' CIi itiet-I boorsItl' ()I iio- Ii tll
to W!", 0.] In boIth groups, ouc- liennl- VAis atlte in isCbcI-ic"l 11i.ot, It'd l lost LcIoill ta1.t mck WIc~sd Ill
sphere was IMacIc slct tIV vlo nc-a- 1c01) US obItain eiic lilsici l iii iiciViilt t -1t j Ith M)i Ilk c-sals I
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Fig. 3. Subcellu Jar Ca 2 + distribution m itocliondria min) become i hdrol qnc ad 10%C w dlOSes ot n 1Card i pHi j 0
in the CA, hippocamnpus at different and all Ca'12 + Is taslied olt. mng kg and 10 Img kg, Inc houI~r bOill Vt
timne Intervals after eight minutes of hVp xA11 hdd 1111 cOt-c ICSL results,

Inopeeischeinia Induced by trari- co irla.to.d well with pharnmc ll gICA .P.

siL'nt bilateral carotid artery ligation peiiae u oto h a s LJ halIL I ifrn c eln
anti everehypotnsion Ca2+test,,, I I lire'Ci drug interterenceLL At the:appears one ~~~~~confined to intracyttlplasmic: vaCuIOleS cellrlvliigth Ieesr0apasas black precipitates. At oe that probably arc remnants oIt swollen cobtuain becl ttect hA dc~s~rug tuch

mninuite before recirculation (A. x endoplasmic reticlumI jFigure 3F). lIan)C01, OLtsAdusI(I
11,750), a considerable part of the 81 Later, a visible memibrane degra- JS t I Liia.ri-i lie. wliicli rcadi Iv pene-
rnitochondria is heavily swollen (si) dat io(n becomes apparent. Pl as ma tua- Itil bloo r i rq iin e1 htrici I i inlig

astrovtesmembranes oIt coagulated cells show
Both aire filled with substantial cerdsntiutisndhevt- reasonls, flUnariziie miighit also be able

=cerebral vesselj. At two hours cles thgue excpiono om e has been ,hown-j in two I nconiplete

initochondria (ml) has comnpletely dis- de Paolieratn mapal CeltimLI iae StruetLT ora ll mge to cerebral eellI,
appeared. Instead. slight ext rccellular eellI remnants. InI thle ext race IIular was tfound inl rats treated with 0.1 Inmg
edemia becomnes apparent (arrows). At spaces, large Ca2 , ixalate crystals kg flunarizine at thle ed~ (t a 20-m111-%
the same tine. the first signs of pre- may be tound. Their presence WaslIl tr pL'ld ot 4-VO)' or atter at 9-mml-
.swnajtic Ca-' overload become vis terpreted as a possible sign ot CA ie period (It 2-V \'( D elayed neuL-
Hle In excitatory axon terminals (at). citicat [il. I r nil nlecro sis wasI, evalulated iil the

Ca"content in itochondria an The chaini ot events described lp- CA, liipplaiilIPhis atter suivival Pert-
svtinaltic ott'siilc's Is) is comparable to Piles to anl eight-minu11.te ischeic1 PC ods IoI three day-s and~ onie week. re-
that in normnal rats. ( )ie day after re- nod in only oInc type ot experimen~ital s;PC'~ivelV. FI LInarizine: had nio ettect
circulation (Cx I 7 _.5(J). presvniaptzc moidel. Whether the same progressive oil p stiselieiiiic CIW inI the 2-V( )Is-

Ca oelo~lI ponuce. are degeneration applies also in other sit- ®r iiicm II eI(I er1m
part of sli.Zhtlx' swollen axon term) - uations in which imore drastic Instilts el IliilfltiniCatiM11i .which Suggests that1
nls ((11) are, hled'i 1th hlie allooints are imposed has nut yet been inlvesti- Its meehaiiisn is, direct eel lular ac-
of black Ca2 precipi tate. .'natc gated. However, early mnicrovaCuIOl- thIn, such as pilpolsec earlier.,

VeSI/es(s)rerainuncangd. i t-00n accompanied by masv bu Tisl, CFICLnpt is, strengthened by in
though tilt,% te'nd toI be groiupedl in tile reversible Ca 2 +ace u niLi lat ion and vitrol experimients I Itterng tlw- advaii-

4cenitral part of/thet stynapse. Al~ifochon- dlydciguaienerisIwth taigc (I hI Io fl o tw and no anesthe-
dria i tiare slightly swollen. At the .'ooi oxcC 'ovrodhv Si1a1, iil which it has been shmii that
sarme tueadmr rxmlto tl, been found in hypoxia. incomplete IN pllsthypoxlc recovery ot sy-naptic ac-4

CA p yrarnida cell bois(1), x ceiand eplpymdl. tivitv In the CA, area ot hippilamnpal
1.50/. flocculen t degeneration takes she St mrvdh nvtopc

Nplace in (lerdritic pirocesses (d), in pair- treaItmenCt With tlunarizine. 0.' 2

tilar at sribplasmnalemnnal sites tar- Effects of Treatment with Nevertheless, thle vasoaetive proper-
rows). I h f/li prarnidal cell layer (E.x Ca 2 + Entry Blockers ties lot t ILiarizi ne may not be ne - .

6,30th. the( neuironal enidoplasmuic re- Numerous trials tol prevent ('it' gleeted. -, Several stuidies indicate its
ticuluini wor) as well as some mnito- overload and irtreversi bIe i se hem lie Vaseular Cct iol0 White Ct Al" 21((uLl
chiondria (arrowvhead, dlilate and be- brain cell death have been carried (IL~t that ti LlIariziFLe Aiitegoiiized delayed
Loio' fled with large amiounts oif pre- in the past, buit with variable sICeeSS. hvpOPertiision tooin'Ig gloIbal ISeheC-

ipiato'. ['/i' iiiclc'iis of these cells (n) It is beyond thle Sco pe- i t i Iur clieLis- in1a. Recciitlv wec have silwl .li anliie-
aippeair. nolrmral. with only slightly Cl- Stoll to evaluate the re-sults libtai11LId lioratilll (It ipsilatcrail CBF II neonatall
('vadt('ll coli dntenlt. A further stage in these Investigationils. hypl xic rats pictreatecl with 2) Iiig kg
of (ifrret('rsibl(' iniiirk is seen aIt three As an addit io n tol (Iui pre'viou~s wolrk tillnariZline oii~b sel(bservatlins. -.

(1(1(5 po~stjschI('lIijl (Fx V. 7()t). Coag- onl the effeets lit the selective ('t ' Next to Iits wieIl - knownv alivasoel Ii-
- Iilatli ce' tll Ch-lige w%'ithpskio of eiit ry Moc((ke r li iatri zin ii g.t illst strict lye p0 Ipertics. - tluna~rizinc' ill- A'.

Muc/l 11W (dll tit'11iicationl of thlt strucetural hypOXIC danIlagL-, weV 0111- hibu"tto 10l o. CA' -dCtpeCIndIt dlpliiilii
civtopldsty ti is in sharp contrast pared its, ettect I, th that (It nieiral ick"lc o iught also c'Ililbuitc tol its
%%'til ilmrplhIlogit pictuire oIf nolr- dipine andI diltiazeni. Using a livpomt PS11c plsi l -t~sloll Plltco.tilln iCtIll.
iai (lerdnijill cells WO. Nnocar Moldel ats \Cl~il IIsriId we li dd~Itll. c IiicilA 11"Pllk:Ation"i (It
mibra~frii farro% ho'ac adl plaismai tOITili that 24 houI~rs IttL'r uiiilt-ial tlI JIr:IzIC Ini PC-iilie.tl \dsculir is-
iiImiih ti irrlltv, of thll cel' look caroltid arti-rv ligitiol iik tiL cP115ilk tI I AS cIs vi t UhlIots Ill iis~ittio.clicv iaid

b ialtl'rli Ca li'dhs Il dap('redl nitrolgen, struc-turil dlaiiig- told~ p.11 Pat gili HIMgc , lhi~l romr~li

rv) i' itr -os d!Ill is vcIIIu'licsl'). ill r t iws trete iii\tol botls bi-LltL Iiil(2i lliIIctol i t uieti

I-mui '( N 14I.211th. all (Ill orgm'i l i h l p xi;t withl 2(0 Iung k.4 I iiii izi : IL LIIiiiLII ,II Iii 1,1 be1 1 Ik ihipo Itillit

clIl;Itorlnipec MCdv 011till toS~dlii~~ Mid wiIith -10 lipl kg I dPII 'Ilk~c IoIl'iiel~ IHIL lIl,11 Aod NITiLi

VA\' flojI/dsiii v/. ,Iulllc /15 ill. and t4() iig kg, onec 111)u1 hk-OIL his )o~lt II/ll ILhLIil'kl IkI11ill dlIsCIsc
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SCHEMIC BRAIN INJURY

Van Reempts & Borgers

Discussion
The neuropathological data pre- TABLE. S mryol isrheiic neuroll COnnt'S tI the cerchral curt\(Is utal % N F,%

scrnted above correspond Well with 2-4 houtrs afte comine tttiiichc tito -hI',Ixio. i,,utl
other data reported in the literature. %_______________________________ %-
After ischemia,1 1, as well ats atter in- N

duto feietcseizures,)', a cel- Rats Without Median,
ILular detense mechanism hccois Treatment Group N Damnage Dead Rats CeIISri MM P.~\
operative that is characterized Soivent' 16 1 0 702
morphologically by astrocytic swelling I hr PO (201 1 1,30)
and necuronal mic rovacuolat ion. Inl Flunari/ine
edematous structures, sequestration ot 20 mg kg 8 6 0 0 0 003
huge amounts of Ca2  is apparent. 4 h P0 (0-819)
Soon atter insult, all cells regain a nor-
mal aspect. Only Inl selectively VL- Nicardipine
nerahli: areas, and only Jtter A delayeCd 40 mg kg 8 3 1 64 0 008
maturation period ot several hour,, to 1 h P0 (0-664)
several days, canl an evolution to irre- Nicardipine
versible injury be expcted.i ' For 10 mg kg 8 2 1 879 NS
the great majority ot Insults, thle Corn- I h P0 (0-1 0000)
monl morphological picture ot irrevers- "icardipine
ible necuronal necrosis is, coagulative 1 0 rng kg 8 0 1 847 NS
cell change with high cytosolic Ca-'' 1 h PO (76-2 540)
aIccu mliilatlol ii in -nt

This significant pheniomnton i i de- Ditan 1066N
layed neurologic decay also hats been 40 rT-g kg 8 1066 N
recognized in human becings who hadhP0(149
progressive neurologic deticit at pen - 'Levirie preparatin see reterence 13
od~s of mo re than 4X ho u rs pi strcso i- !'Oriiv sl rv vie airis ne u~dd bet weer i o)rac kets- 9500 connt deuce imri',

citation.28 Thus it is ot great i mpor- Mannr Whitney U ltest 12-taied) (Pt - 05 NS riot siqniit'caril 1

tance toi understand thle mecchanisms 'nvrr2%pifrpinqyn
ot Injury that Cause detenlsivC Ca-
sequestration to evolve into irrevers-
ible toixic Ca2 + overload, and to find postsynlaptic receptor sensitivity.")' blocking excitatory am ino acids at
Out what additional mechanisms me- We have been able to demonstrate postsynaptic sites.5 Meldrumi and co-
diate injury to brain tiSSue. that presynaptic Ca2 I accumulation workers prevented early i schein ic

There is convincing evidence that preceded postsynaptic Ca2 I overload brain damage through preisc hem ic
excitatory neurotransmission Is Ill- and subplasmialemmnal flocculent dc- treatment with anl antagonist (it ii-
volved inl selective neuironal necrosis generation. mecthyl-d-aspartate receptors." F
after hypoxia or ischemi-ia. ' UMany We propose that during the long- When recovery periods are too
glutamnate-binding sites, aire seen In lasting postisclhemic hypopertuISIOn short, however, density (it cell damage
the hippocampal stratum radiatumtl,-'" period, Ca2 'hoieostasis is definite- may he griissly underestimated. Long-
which receives glutarnatergic Input ly lost. The CCI triggyers thle release term survival mIodlCs Mre needed t
trom Schaffer crillaterals. Glutamate- of transmitters, which is accompanied permit maturation uit irrever-lsible net H
binding sites coincide well with areas by at subsequent rise inl intratermninal ronal damilage). ' TWO stUdies oil long.
(it selective vulnerability in thle hippo)- tree Ca '~ ConnCCetratIOn. 1 ' At thle term iecovery show tha~t it seems, pos
campus. postsynlaptic site, Ca? -activated pro- sible, inl thle rat atl least, tol HumproVCio

As we have shown in the 2-V() teinases miay uncover additional gILuta- neoronal survivail atter postisehecinic
model, damage originates in poist- mnate receptors, which In turn are the trecatmnent with ile selective C''o
synaptic dendritic processes ot CA, basis iot enhanced Ca 2 ' ConlduIc- ovlerload blocker tlunariine ('Lir
pyramidail cells. This iObservat ion isl in tance. ii When thIiis susta ined post - renlt lv w are investigating whect hi,
acciirdance with dat a reported by synaptic Ca,2' overload Canl no longer this di.g exerts its beneti0il:3 CtteCt h%*
lob ansni e r a)I, ' who gave in or - be neutrailized by normal sequestra- prevencition of ab-inorimal (I. ' - titixes
phologica I evidence that presynlapt ic tiom mechanisms, a cascade of known at the excitatory \oass rit t h "oV
terminals are resistant toi ischem la. In- Ca' -drependlent degenerativye pro - LII ill 11ini hiI og prL-sVnJpt I L.1 a - i
turruptiOil ot Synaptic Input by tranls- cesCS mlay be inlitiated, Inclurding pro coin ti IA11 ati on i rby n h bit iilV g psi'
sectio n ot the etterenit path may co m - te inl and phhoPl lpid degenera tOI, svap11t ic Ca X' ,iveri dI
pletely aboilish lesion tormation inl tree tattv acid liberation, andL tree radi-.
CA, tWielich, personal r-ommnunica- cal tiriatitin.,
tionl T his observation Wiouldl piiVKilC It apprars that ncuronal suirvival ,* 'I

additional support tot the inI)Vle canI be CIflhan--lI by intertering with hil ,s iriiV riri rliAulrui-, ?lil'r r'l \1.11,1
Inetit of xcitatirv ncrriransmlissiiiu tHeI- me1CCliinsiiis at anl Carlx stage d'',,kks iii ttV \ ),ii -u1r till r 1it,
in ischecmic necuronal ncroisis PReleasc- ,te recirculatliii. Rothmlao priteCteulILs 'dIih r
itt glriramati.- Is inut.rLI' by Ia' luippiicantp,il orL-tirtns in vitrio b\ %.ri~ li~r~'''-i')r\r~I
intltux, W arnd thle s.11lo ll illCrr-is- hltickiig transinitirt reliVsC (11 b\y lo~t ttu, ill n n i, 11) I, illn 11 1,
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Session 2: Cardiopulmonary Resuscitation

A n estimated 60% of deaths caused by ischemic heart fibrillation. The concept of a "therapeutic window" has gained
disease occur within the first hour after coronary occlu- a dominant place in our thinking about cardiac arrest and

sion. Cardiopulmonary resuscitation was developed in the defibrillation. This concept affirms our clinical experience
1960s as a method of providing to cardiac arrest victims tem- that successful countershock delivered within ten minutes '
porary insufflation of the lungs and partial circulation to vital after the onset of ventricular fibrillation provides the best
tissues until an effective heartbeat could be restored. The hope for survival of cardiac arrest. The longer the heart re-
currently practiced techniques are widely taught, and instruc- mains ineffective, the smaller the chance of successful resus-
tors enforce rigid adherence to specific resuscitation details, citation. This is the conceptual underpinning for the portable S
such as number of compressions per minute, ventilation rate, or implantable "home or office" computerized defibrillation
sequence, and volume. devices described by Dr Cummins.

In the last several years many investigators have demon- Dr Niemann emphasizes that CPR research must be di-
strated that "new" CPR techniques produce considerably rected to the real clinical problems we face. Researchers must
higher cardiac output than do the standard techniques now begin to try to provide clinicians with answers to questions ,
taught by the American Heart Association and the Red Cross. such as these: What should we teach bystanders who respond
Dr Traystman and his colleagues at Johns Hopkins, for in- to cardiac arrest? What is the role of computerized defibrilla-
stance, report significantly elevated cardiac output with si- tion? What procedures should be undertaken by paramedics,
multaneous ventilation compression CPR (SVC-CPR). Other emergency physicians, and intensive care unit staff to max-
closed-chest resuscitation techniques that seem to produce imize a victim's cardiac and cerebral recovery?
higher cardiac output than does standard CPR include inter- In this regard, our discussion perhaps yielded more ques-
posed abdominal compression CPR fIAC-CPR) and constant tions than answers. Our resuscitative techniques can cer-
abdominal compression using an abdominal binder such as tainly be improved, but the specific steps toward that end are
the MAST garment. Various investigators have proposed still somewhat unclear. The general areas of cardiac and cere- '.
changes in timing and duration of chest compression, as well bral resuscitation have been, and will continue to be, impor-
as changes in duration of ventilation. Open-chest CPR seems tant areas of investigation for research in emergency
to provide coronary and carotid blood flows nearer normal medicine.
than any other compression modality. Despite the apparent
advantages of "new" CPR techniques, studies of patient sur- Douglas A Rund, MD, FACEP
viva/, such as those conducted by Dr Thompson and his Associate Professor and Director
colleagues, have not yet demonstrated a significant difference Division of Emergency Medicine
between "new" and conventional CPR. Department of Preventive Medicine

Dr Niemann and Dr Cummins emphasize that early de- The Ohio State University College of Medicine
fibrillation is clearly the treatment of choice for ventricular Columbus, Ohio

..
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SPECIAL CONTRIBUTION
brain blood flow, CPR. epinephrine. myocardial blood flow

Beneficial Effect of Epinephrine Infusion
on Cerebral and Myocardial Blood
Flows During CPR

It is /lvpothesiuz('d that t'piriephrine Improves the a/n/it V to resitscitttt the Raymond C Koeh o r Pti U
heart t/rir'n~h a itiechanisin thought to be relaitedl to thte iflcrLa.wt In aotic Jon R Michac MD*

,ore.s;ilrc'. , ur results; wvit/I epinephrine Infusion tiring CIIR (ire coinsistenft Aian D Goerci MU'
with this h i-podhesis. Epinephrine selectivelv inicreit-il i'oiscultir resitac NitCha nd Srali ML)'
I n noncerebral, tioncoronarv vascular beds, as indicatedl 17% a Charmsi. L eeeo Mb/an in area. tecre it In J Michaei Dean Mw
In icrosphere-det erni inet loo flow Inthese ara h Vis intre'i.sed vaiscuir Mark C Rogjers MD'
rci'.sltinct' raisedl aortic pres,;sure during the chest coipres.sliit phase andt the Myroni L Woisfdl MD' %~
re'latxatio liti lst' af (]l'R. Because itltracranial and righIt atril pressures Were' Richard j Traystmvan PriD' v~-
IN slight/v higher wit/I epinephrine'. cerebral lit( mylocard/ial perfusion Baltimore Maryland

Prt'silrt's aniti blood flows were' significant/y ittiprowed. ThIis benleficial effect
(ci impareil to njo adin mi t rat inn of at vasopressor) was imore IlrotIOUn~ced asN F rom the Do partnl m of Ani str -'-,ooq~,-

j:IR prog ressed bevoiid tenl innutes. EnhanicedI cerebral and iilocardhal pter- Critical Care- Mejcne* ar ii WMrcrc. r
fusion Occurred with ep~ineph/rine' when either the coniventmoua/l Or s1IIu_ The Johns Hopkins Medica Iiit a
tailenlis ciiinflressiiii andI ventilation (SCV1't lde of 'Il'R wa iih lIII Baltimore Maryland

tlos. Snnlarselect'ive ;erisian was ;ustaIed for 50( jininates of .V (lR
wit/h epinephlrine, evenl whIen the onstet of CPlR was de/tivt't five iiitlitts. Presented at the 1985 UALM IRIL M-
Regioil brai b 1)1)1 flaw i/if fered In /ie dc/aiedi-C (]l ginoup iIl thIat ct'rt Research0 SymposIUm in OJrlan do I oi
l)('/liill. bratin stt'i. andl thalatllle regions initialiv hadf /ight'r /rh oil flows. February 7-8, 1985
In) till i I/allt tIIIIIlia/ ullit lel of CP R usi ng tiv en Iinial ClRin piglet s, epi
iltfplrii it also v s i uiid toa i lctret,' eerlilt ndi carTii a b/oos/ flows. Supported by Ise heni c Heart U seast .

Ihcst' resu;ilts s/lot thait tttltliiistrtitni of epiinep/iriine benefis iffe'rent agte SCOR grant P50-HL 17655 0/ and h N S
rollp of lift20020 from the NIH'14i nisif /fren t spcies wit/i di fereit i('uts Of C l'R; t hat benefit s iocciur

ui'll wit/ iltelaveir ionset of (3'R wich I's asaclatecl wit/i add.'lttanal atiaxiti
tint I tildo ss antI thalt e (pine'phirinie ut/nnmist rati Ii pirt iciluiv t'ffe'ct ive ill Adesf re ir ayodCKe
SlIsttIIIliiiI, Cerebral aml torotrv pict'riilili durinig prrlidilgei (]/'R. /Kat'ller PhD. Department of Anesthesiologly

PC.MicaelIR.C .ii'ct l).Chtiida Nscl/ei'ilCL.l~eni Al.Ro''t's ~(~ Critical Care Medicine The Johns
Hpkins Medical institutiorns 600 NorthiWuis felti All1.. lrtivsttiiuin RI, [flt'iitl 0tfi't Iof ei'ili)iriit infilsOil Oil tt' Wolfe Street. Baltimore. Maryland 1t205

ru' rtl tand I i r ciirt hiI/al lood~ illov' duiti 1 1'R. Armi Frnt'rg N-Itd August
19~4,:744- 74().

INTRODUCTION ~*
A variety of vasopressor age.nts coimmoinly are employed dUring cardiopl-

imonary resuscitation (CPR). Early work by Redding anti Pearson' and liter
stuidies hy Yakaitis and C01lleagLIeS2 indicated improved incidence of cardiac
resulscitantinl in ditterent animial miodels ot cardiac arrest when either epi-r
nephriet or aipha-adrenecrgic agonists were u1sed. This improvement wa~s re'-
laited to the increase in aoirtic preSSuire that ,iccurrcd dUring the relaxatiiin
phase ut chest comnpression, which presumiably increased coronary blouid
flw Such an increase in ci in arv pcrtuISIOi iis c-ruitcal bCcauJse nMo st animal1J

studies, report thait co roinary bloio d ho slessothan 2(0 iL/nain/ 1(1 g when
vasopressuirs are not intu.1sed during external checst ciompressioin. We have
reported oin the degree to1 which epinephrine infusion increases citnarv%
hloiod floiw in thmgs.4 We review thows results and rephort mour inore rccnt

Weik ailsoi have assessed the effect oh epinephrine infusio n on ccercbrail pertu -

sumn. In earlier studies con1vention1al 'PR With sternal commpression in large
diigs produced cerebral bluood flows Ot on~v :;", oft p1Crt-irrst lees'-A higher
cerebral blood flow rate ot appro xinmately 3101', t biseline was achieved wNith1
simultanmits ciimpri.ssion and ventilatioin ISCVl C'lR * iir with lateral a
checst waill cmompression muwhich prm ibablx prouces hight-r iot rit hi racie pru-' -

P all~
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EPINEPHRINE & BLOOD FLOW
Koehler et at

Fig I. Cerebral blood flow (mean and -

.SE) during CTR with and without 60-
tontin uou epinephrine infusion. WITHOUT EPINEPHRINE
Mean prearre.t flows are indicated eW T.HU EPNPRE
under the bar% tor each grmup 0 50 WITH EPINEPHRINE

-_ -

sures than does sternal compression LL ONSET OF CPR

in dogs) Internal cardiac massage can C31 40 DELAYED 5 MIN
produce cerebral pertusion that is 70% 0 0 (WITH EPINEPHRINE)
to l(X)",, ot normal levels,4" but this 0 0
alternative to external compression is 30,

not Ilways teasible. Thus there ts am-
pie room tor improving cerebral hMood _j E
flow during external CPR by phar-
macological means. E 2-

In addition to assessing the effect of 00
epinephrine infusion when CPR is be- LdI
gun shortly after ventricular fibrilla- I ,e. "
tion, we addressed the question ot I.
whether any beneficial effect prevails
under the more realistic circumstance
of a tive-minute delay before initiation
ot CUR It is possible that the anoxia PRE-ARREST FLOW 34 34 38 37 36 43 49
and acidosv. associated with such a CPR MODE CONVENTIONAL SCV CONVENTIONAL
delay diminishes the efficacy of epi- SPECIES DOG DOG PIGLET
nephrine. Also it is known that reper- 1
fusing the brain at normal perfusion
pressures after global ischemia pro-
duces an initial reactive hyperemia,
followed by a delayed increase in cere- triclc through a burr hole in the skull. Sternal displacement was approx-
bral vascular resistance.l" This de- A pacing catheter was placed in the imately 20% of the anteroposterior di-
laved hypoperfusion cannot be im- right ventricle from a femoral vein for amcter in the dogs subjected to SCV-
proved simply by increasing arterial electrical fibrillation of the heart. Re- CPR and in the piglets. Twenty per- ," - .
pressure with norepinephrine infu- gional blood flow was measured with cent displacement was relatively ieef-
sion.11 It is possible, therefore, that IS I microndiameter radiolabelled fective in large dogs during conven-
with prolonged CPR after five in- microspheres. For the injection of mi- tional CPR, however, so compression
utes ot complete ischemia, cerebral crospheres, a catheter was advanced force was maximized to produce 25%,
blood flow will fall despite a sustained into the left ventricle from a femoral to 30% displacement in this group.
pertusion pressure with epinephrine. artery. Arterial reference samples of Only one mode of CPR was used

Epinephrine is routinely used in pe- microsphercs were drawn from axil- during a one-hour period per lndi-
diatric CPR. We have developed an lary artery catheters (placed in a sub- vidual animal. Each animal received
animal model of infant CPR in two- clavian artery) at a rate of 1.9 mL/rnin either a continuous infusion of epi-
week-old piglets. The effectiveness oif during the microsphere iniection and nephrine (4 Jg/kg/min) or no epi-
epinephrine in infant piglets during for at least five minutes following the nephrinc. At the onset of CPR in the
conventional CPR is compared to the injection. We have validated the use of epinephrine groups, a bolus iniection %,%
drug's effectiveness in adult dogs. microspheres during CPR,' and addi- of 1.0 mg was administered in the

tional details of the technique have dogs and 50 jig was given in the
METHODS been published elsewhere.- piglets.

Studies were performed on large 22- External CPR was performed using Statistical differences between
kg to 36-kg), adult dogs anesthetized a pneumatic piston device (Thumper", groups were determined by analysis of
with ketamine 1130 mg IMI and pen- Michigan Instrumentsl. Conventional variance at the IP. .05 level.
tobarbital (15 to 20 mg/kg IV), and on CPR was performed on dlogs at a rate '_

two-weck-oId piglets (4-kg to S-kg of 60/mil, with a 50(% duty cycle, and .-
anesthetized with pentobarbital (30 to with one breath Interposed after every RESULTS
4i tal wa g iven as nd drng str- recom med roestor its, t1 Compaionsl of cirn d D
40 mg/kg Ie). Additional IV pentobar- fifth chest compression. In piglets, the Conventional CPR in Dogs niv,,
gerv. The animals were ventilated rii was used, with a duty cycle of cardial blood flows between th ani-
through a tracheostonmy, and catheters 60%. In dogs receiving SCV-CI'R, a meal groups three to six illnutes after
were advanced into the right atrium compressiom rate of 41)/n in and a the Coin in 1cceinIc nt of IPR J(i
and thoracic aorta from a temi iral ap- duty cycle of 30',, were used. A high shown IF gor1es I and 2. 1I1 eon', ti -
priach for pressure measurements. In- airway pressure Ot 9( mino Hg t() I)0 tional T'R In dog, not recc-vIng p"-
tracranial pressure was measured from mni Hg was applied durng the first nephri c InltLsltin I . it-reL-raI .III JI,%
a cannula inserted in the lateral ven 40", of each chest comnpresso I )I cIc. aind IVicJidiJil b(h)d I were x-
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Fig. 2. Left venfltricular blood flow
(mnean and SE) during CPR withi andti

80 WITHOUT EPINEPHRINE without continuous epinephrine infu-

sion. Mean prearrest flo.ws aire indi-

_j WTH EINEPRINEcatL'd under theL bars for each group. .

Lo 0 m 60O ONSET OF CPR Fig. 3. Comparison of the effect of a%
_j.. 0 DELAYED 5 MIN five-mninute c/clay anti ai short ie lay

___ (WITH (10 to 15 seconds)'in the onset of SCV-
* ~~ 40- EPINEPHRINE) CPR (bothi with epinephrine) on blood

WO 0E flow to caudal and rostra] brain.
> 0Caudcal brcuin region responses (cere-

1E 20 be//urln, medulla, pons, midbrain, di-
encephalon, caudate nucleus, and

LL. piriformn lobe) differed/ individually
LLJ between the two groups and were

PRE -ARREST FLOW 161 129 120 122 120 190 217poldfrsmictRsrabanre
gions (occipital, temporal. parietal,

CPR MODE CONVENTIONAL SCV CONVENTIONAL andi frontal lo~bes) responded similarly
SPECES DG DO PIGET 2 between the two groups of dogs.

4.Values at time zero are the prearrest e*?
m~eans anti SE.

50 Nwith epinephrine )59 3 mm Hg, n
CAUDL BRIN 6) than without epinephrine (40

40 2 mm Hg, n = 3); and mean intra-
5j 3 cranial pressure was 28 1: mm Hg in

30_ the epinephrine group and 2.3 ±4
rmm Hg in the nonepinephrine group.

S20 Aortic pressure was higher in the epi-
g, 0 0 2nephrine group during the compres-

O 10sion phase (by 16 mm Hg) and during
DEAFCPjNE the relaxation phase (by 12 mm Hg).

~ o *10-1 SECThe aortic to right atrial pressure
a 5 MIN gradient during the chest relaxation *

_j E o5MNphase was greater with epinephrine
- 40- ROSTRAL BRAIN (27 -_3 vs 14 -- I mm Hg) after six

sT minutes of SCV-CPR.a:E 30 ..... . Aortic and carotid arterial pressures
200 fell substantially after 20 minutc of

W 20- SCV-CPIR in the nonepinephrine
group, with little change in right atrial

W IOor intracranial pressures. In contrast.
U perfusion pressures remained stable

0 over a (inc-hour period in the epi-
0 10 20 30 40 50 nephritie group. This resulted in a

MIMI T~~ O CPRwidening of the difference in cerebral
and myocardial blood flows between

03 the noinepinephrine and epinephrine
groups af ter six minutes of SCV-CPR.

tremely 1(ow. With continuous epi- SCV-CPR in Dogs Delayed Onset of CPR
nephrine infusion (n = 6), perfusion oif Cerebral and m yoca rd i al blIood In the preceding experiments, CPR
these organs was significantly higher flows were higher with S(CV-CP)R than usually was begun within 10 to F15 see-
P --. 01). The greater cerebral blood with conventional CPIR in dogs. Use ondLS Of ventricular fibrillation. To as-

flow observed with epinephrine infu- of epinephrine during SCV-CP'R fur- certain whether the beneficial effect
sion during conventional CPIR was re- ther augmented cerebral blood flow (11 epi nephri ne pr-va i s when the
lated tol a higher mean arterial pres- J75'% ol Jprearrest) and left venitricular onset of ('PRi is delayed, SCV-(VPR

- sure (43 1 ±_ SE) vs 22 -,I mmn blood flo (v'44'%. of prcarreSt). Trhese with cot muonIs Cpinephrine infusio n
Hg), rather than to a lower iii W n - higher blood flow,, were the result ot was, started five minu11.tes after induc-
stream intracranial pressure 125 4 3 higher perfusion pressure,, with epi- ing tibrilIlaii on in another group1 Ot

mm Hg with epinephrine vs 17 1 nephritic. dogs n1 61. In ibis group with live
mm Hg without epinephrine). Mcani aortic pressucir was, greater minuteMS Of (01mnipetC ms'chemmna, me1an114~~~~~. .... . ... 8 '1s 95Anaso mrenyMdcn 4.........
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aparenay resued inm in reaxatinuhes the tdcrcl utn- ~~.i~

-ic vascular pressures. this sug- sista.c aper to inres th0ie
thmattpsrabe genhoerathed with costnforarial ruec noff hrebay 0i -e % t0 %%%.% , 6
ntinalCPR in pigls Siis g lrad icreing theartuico riharibabl andu .

reovesieadtional inR-tdients D uring hes compression, the rc V % % .V,

h Theay res asr a7 grete pos- in tionphst fo discarg uing blo %7 VA~ Fv~

reion exeinet the piglets iven the lngxdton suhe atdgre at alrve0 0 0 0

ofl cheslt eforain bsered clsstic pressres can be higher tan re- * ~ .

ho vur a npriesrs Thn =8,er- rigtc atrars ytoicresue the, tir- I'* *-A~ -- A~
dha thyocasrdi bloodrflow were ticstpressur apprache iuntrafthoraeic % % % %

andin 17 R of pes les, re- pulcresurte iseo aortic sys rih atria an V

veny tate favelinutes ofg airna aorict nrr pressure eqaln itahrai L e~. ., ~ * .

aepoieliteadtonal inR. Lint.uring prolnge "sstli" pressure.nhu thema <Y .

howeveri ao pressreafell and bie fowa corr flwcuring theod
ray andirmyocardiac blod faclws omp treon hasterinl thsstuipo,-~.

afchet er oto n leelbys0miese. an" tes distolic" a ihe to ihtn ~ ~
hoepinephrine nuio(n = X),r- ri atrial "tlc pressure grdintma no- be*e
r ycadal blood flow s ee tcpesr approxiatly cmpetl indictie f orary i
ofd 17rearre and lyocrls f plw. prssr instead-.of.aortic:--:-

ncy gfro atfive minutes of con thanc presur inL/milig wntas requie % F -'

eda CPR. Thern werlnd- yshour of cssure and s thra brany..
howeinrmeanrtincerial, d righ elecrcad acivity wasw dorrelate wthe4-.
Ipsres betee thearia tlo lwo cemreasblod phlow greters sthaStio % -%

scbut aeor leesb 0mnts n h diastolic" prsuea1m/i/0) 5 oter modl right %
eae teepinephrne rup bnaranihial prsuegalsdindiate tat e Va % %

yrdal blood flows wpoimtl cpi- pteelo nlowaleve and throaty cc- % % % %'

inow in7 piglets st were u t ige Wuea fdolazaaii occur below a %
sion preatures lowente oep- trc r crblo bloo lw theshl ofete * .- .----

megopa v iue P taproxiately 100 gLmnO gas reurd
andIO remiehihrwtpr- frsutsfit ScVibrilio n dfeogande a
e Reslt ofThese studes inodit convenona CPR n pilts indimatl bri -'

ursrse of etpiephien mroe cer-w h cerebral nd loroaryeruso B to 0 0e
andbu ayorcdia efsoin twosur are near 0 these threhd mdurin f %:.\.~ %. % -

entmes on the conehrnentoa troup 2rai inuesil als, hudcine hat*
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it has been suggested that beta-aidren- 30) mml Hg. We found noi evidence tor stil1ation onl myocardial and cere-I
ergie stimulation from epinephrine delayed hypoperfusion inl the cere- bral metabolism offset the beneficial%
may have deleterious effects onl the brum11 after SO. Minutes of reperfusion increase Ii blood flow is unresolved-
subendocardium when coronlary blood (Figure .31. Perhaps the hypoperfusion Although the use Of pure alpha- adre- %e
flow is low and oxygen demand is in- phenomenon appears only at higher ncrgic agonlists has been suggested,'
creased. I IThe question then arises perfusion pressures or with longer re- the possibility oif coronlary and cere-
whether the increased myocardial perfusion periods. Also, repeCrtuISion is bra I vasoconst ricti on with these
blood flow with epineph ri ne out- thought toi be quite heterogeneous at agents also must be considered. Beta,-
weighs any increase in oxygen dc- the mieroeirCUlatory level, which may adrenergic coronlary vasodilation.-'-'%
mind. Ini one study, it is reported that not be detectedl by the mnicrosphere which potentially could counteract ;il-
epinephrine is Superior to phenyleph- technIqUe. 21i pha-adrenecrgic constriction, may yet
rine Ii terms of myocardial blood One might also expect five minutes render epinephrine as the vasopressor
flow, although the drugs were not of complete cerebral ischemnia jcoin- of choice during CPR.
compared at equipressor doses.'-4 Ani- pared to the 10 to 15 seconds tisu~ally
other Study indicates that myocardial taken to establish CPR after fibrilla-
lactate levels may not he improved by tion) to produce at larger hyperemiic re- REFERENCES
epinephrirne. I Thus it is not clear at sponsc. This was not evident within 1. Redding IS, Pearson 1W: RcsuIscitatiiin
present whether epinephrine or pure the cerebrum after two minutes of trom ventriCulahr tib-rillation. 1AMA 1968;-
allphii-adrcnergic agonists are of great- CPR, presumably because the vascular )39-.
er benefit for cardiac resuscitation. bed was maximally dilated at a cere- 2. Yakaitis RW Otto CW Blitt (ii): Rela-

[he simlilar question of whether bral perfuIsionl pressure tif 30 to 35 live Importance ot alphal and beta adren-
epinephrine stimulates metabolism mmn Hg. Ini addition, only five seconds ergic receptors during resuscitatioin C ri

arises concerning the brain. Circulat- of cerebral ischemia canl produce max- Cn c 9972326
ing eateeholamines normally do not inial peak reactive hypcremia.2' 3. B~ellamy RI, I e~uzinan LR, Pedersen
increase cerebral blood flow and me- Ini contrast to the cerebrum, caudal D C: Coronary blood flow during cardio
tabolism tinless the blood-brain bar- areas had higher blood flows for 20 pulmonary resuscitation Ii swinec. CUr

nicr is disrupted. 11,, There is some minutes of reperftision after delayed cul/aimi 1984;69: 174-180.

evidence that blood-brain barrier fune- CPR. Blood flow to brain steim regions 4. hyrne 1), Pass Hi, Neely WA, et aL: Lx-
tion can be impaired after resuscita- initially increased above prearrest trrnl versuIs internal cardiac massage Ii
tion," and that a leVels. Models of cerebral iseheinia in nra i hoial sbmedg
siti ye hyperinetabolism can occur rats also show that reperfLIsiol is Am .Soir 1980;40:657-662.
during rep-erfusion after cerebral ische- greater in certain caudal areas, Such as D.I itcliey RV, Winkler IV Rhiide,. CA,
in ia.i" Whether ci rcul Iat ing e p i- Ii the cerebelluimi and Ii discrete Relative lack oft coriilary blood flow door-
nephritic stimullates eerebral oxygen brain stem nucLeiC. Ii Infusion Of Care- Circlatose-hs 1982;6i6: iiin-nd0ig
demand Ii the setting of CLPR has not chiolamlincs, particularly after opening -_

beeni evaluated. Preliminary data from the blood-braini barrier, canl also pro- 6. Koeh ler RC, Chandra N, Cuetrci A[), et

supiiyor sagittal sinus, blood samples duce a caudal-rotisral redistribution of afl. Auigmeiitation ot cerebral pcrtuisiin hs ---

n piglets indicate that the hiigher regioinal cerebral blood floiw Ii rats sill i t oloLs Chiest ciompresin and Ii
level of cerebral blood flow with epi- Without preexisting cerebral isclhe- ciitlaon wi bdogsial idion 19ite,
neph ri nu is associated with at lower iia Thus thle Ca u W I -rust ra I re- caria 266-27- dos.1,ilaiii 18
level of cerebral oxygen extraction. distribution seen with delayed CP1R

Ibi sugess tatimproved cerebral probably wats the result of prolonged ' oeNRs lOunRe lR
blo)od flow Outweighs any potential isC1hemlia jwieIh may torther impair ginMA blood lo(W duiring card.1)i[I),mIIJIr

met~abolic stimulatory effect iii terms blood-brain barrier function), and 1eskisc it .liiinn diigs uisinig si in Li Ii anci its
ut tIssuie Oxygenationl, compared to no proubably the effect Was theni iCCCIliti iO2iisiitl6i-ii cnpesoi,
intfusii mui f epinephrine. ated by epinephrine infuii in. The 1111i-

We. CO itsidered thle possibi lity thatl a portanee of this effect (it ni eurolo gical 8 Ni Ad MCII - ir l, Koebler~ R111Cphi
I y - in in ti te delay InI coinmienci ng Outcome after cardiac rUsosci tilt loll gnci sc er)ati ad etL

PTR would result In sonic loss In tile Currently is mit clear. sin duiring cairdiopjulinnar restiscita
eectltivene1s mit epi nephirine to susOtaini tlinl in dogs 1 It( niuii lQ84,69) 822 K oC
higher nivi cardial and cerebral pcrfo- CONCLUSION ~ tidhi iiie ,S isyN

sioin pressuires aid blood flows,. [his Iheise: data denimistromti tile ctffec 9 1, cchjilK bIl1)Iiid Row iisk M.ilii

Was1 no(t thC Case. In addition1, suis tivencss iif epinephurine Iii increasing ironil irtki v hlhiiid li liiriiu 11111V,0111
(it trrrl reLpecrfusion at normal per- cerebral and nmyocardial boil fliiws LIIst iLiriaipilniiii~ov I(S1I Ltt1 linIII

ftuiil prcsstires after comnplete ischc- when Conventiional CI1 R or SC'V-(ClR ditgs.ibsii "I,~h~,Iou15,~
1111i have deo~nstrated the presence is emiployed and when (PR us, beguni A\ I I

()t J L(I.live livpopecrtumslon that i,, re- withinl 1; isconds, or dclaxed bor tive 10 ,WL .~v L\ 3111ill R.,,
sIstin1t I ouirptL'LicpIirinlC-intiCed( Inl- inulluteS. ReLsu~lts Ill mtanit piglets suip- toi l. A 1(lcii, Inh', t
rcises Ii arterial pressure.' Thus port tile Lise ut epincphumIC Ill peil hi\i 1i,ii 1, iL.iLI l liii 'Idm,
Ic tiiigiit expet' Ia gridlul decrease' Ill .Itfi. 0%1 , and demo1nstt thu theL iiolint swIrl IlI

Itlimuid tlui\& tu ile( ccrebruni with pio- etticiCV Ot Cpiticphiriiie Is 001) tilkiLICi kiI ~a~~i t i
l(Iugeil ( PR ifte.r five Oinites of eulni- tii the adult dog. A o, %,,kk d pwiiti.l .iiut \[Ii i? *

Ill i hI 1. il1, despite a'. suistainied Ili It( limstIOIm of whether piitciitiil k tllili K jid I1 .11 [i 1,. 1[ I, 1, ,
pirtisiti prIsL-irc i)t ipptriillcilv ilvcrse( iOtccts i(d t -iriiii bcuii 'i lkiiii\tl .5'
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EPINEPHRINE & BLOOD FLOW
Koehler et al

%

,% l%

12. Ralston SH, Voorhees WE, Babbs CF: during cardiopulmonary resuscitation in 19. Nemoto EM, Hossmann KA, Cooper
Intrapulmonary epinephrine during pro- dogs, abstract. I Am Coll Cardiol 1984; HK: Post-ischemic hypermetabolism in
longed cardiopulmonary resuscitation: 3:596. cat brain. Stroke 1981;12:666-676. -...p

Improved regional blood flow and resusci- 16. Abdul-Rahman A, Dahlgren N, 20. Kagstrom E, Smith ML, Siesjo BK: Lo-
tation in dogs. Ann Emerg Med 1984; lohansson BB, et al: Increase in local cere- cal cerebral blood flow in the recovery pe- - "-

bral blood flow induced by circulating riod following complete cerebral ischemia
13. Livesay JJ, Follette DM, Fey KH, et al: adrenaline: Involvement of blood-brain in the rat. I Cereb Blood Flow Metab "

Optimizing myocardial supply/demand barrier dysfunction. Acta Physwl Scand 1983;3:170-182.
balance with adrenergic drugs during car- 1979;107:227-232. d.
diopulmonary resuscitation. I Thorac 17. Edvinsson L, Lacombe P Owman C, 21. Gourley IK, Heistad DD: Charac-
Cardiovasc Surg 1978;76:244-251. et al: Quantitative changes in regional cc- teristics of reactive hyperemia in the cere-

14. Holmes HR, Babbs CF, Voorhees WD, rebral blood flow of rats induced by alpha- bral circulation. Am I Physiol 1984;-- i\.

et al: Influence of adrenergic drugs upon and beta-adrenergic stimulants. Acta 246:HS2-H58. %
vital Organ perfusion during CPR. Crit Physiol Scand 1979;107:289-296. 22. Domenech RJ, MacLellan PR: Trans- .. '
Care Med 1980;8:137140. 18. Arai T, Watanabe T Nagaro T et al: mural ventricular distribution of coronary

15. Ditchey RV: High-dose epinephrine Blood-brain barrier impairment after car- blood flow during coronary B2-adrenergic
does not improve the balance between diac resuscitation. Crit Care Med 1981;9: receptor activation in dogs. Circ Res %
myocardial oxygen supply and demand 444-448. 1980;46:29-36.
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Erratum"'""-

In the article by Curry et al. entitled "The Effects of Toxic Concentrations of Theophylhine on Oxygen Consumption )
Ventcular Work, Acid Base Balance, and Plasma Catecholamine Levels in the Dog (June 198514 554-561 ], he dosage of "-"":'-

epinephrine given on page 559 should have read -1,830 pg/mL of epin'ephrine (10 RM). not -1.830 pg mL of epinephrine•"""-.t
(10-8M) In Figure 5, the vertical axis of the second graph should have read "V 0, (rnL 0., min m-'). not "O,(mL O,min -....
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CPR; EMS systems: resuscitation

Comparison of Clinical CPR Studies
in Milwaukee and Elsewhere in
the United States

As we mark the 25th anniversary of the clinical application of closed-chest Bruce M Thompson, MD ,

cardiopulmonary resuscitation (SCPR), it is time to look back and analyze Harlan A Stueven. MD ' .

the progress we have made in the resuscitation of sudden death syndrome. James R Mateer. MD
Recent studies of SCPR effectiveness have yielded mixed results, in com- Charles C Aprahaman ML•

parison to early studies that were universally favorable. The continued toll Joh C Dar. MD

Joseph C Darin, MID 

, ., .•of neurologic injury following SCPR resuscitation, and reinforcement of the Milwaukee .Wisconsin " ' '-"-..
importance of defibrillation in resuscitation, stimulate us to find improved Wisconsin

forms of SCPR and improved methods of resuscitation delivery in emergen- From the Section of Trauma and ,
cy medical systems. /Thompson BM, Stueven HA, Mateer IR, Aprahamian Emergency Medicine, Medical College of
CC, Thcker JE Darin IC: Comparison of clinical CPR studies in Milwaukee Wisconsin. and the Milwaukee County
and elsewhere in the United States. Ann Emerg Med August 1985;14: Medical Complex, Milwaukee. Wisconsin J..
750-754.1 

Presented at the 1985 UAEM IRIEM
INTRODUCTION Research Symposium in Orlando Florida

There is little doubt that standard closed-chest cardiopulmonary resuscita- February 7-8. 1985
tion (SCPR) represents a body of knowledge that can be taught, learned, and N ,
applied. The critical question is whether the application of SCPR principles Address for reprints Bruce M thompson
can and does affect the outcome of patients suffering from prehospital car- MD. Section of Trauma and Emergency
diac arrest. Medicine. Milwaukee County Medical .

The impetus for general application of SCPR occurred in the 1970s with Complex. 8700 West Wisconsin Avenue
the advent of emergency medical services (EMS). Promotion of SCPR was Milwaukee. Wisconsin 53226
supported by data from Seattle, where there was a lay SCPR program and a
tiered EMS paramedic program capable of providing early advanced life sup-
port JALS) effectivelyl.2 The improved results achieved with SCPR in this
system in patients presenting with ventricular fibrillation (VF) provided tele-
vision appeal (60 Minutes, Emergency), and were instrumental in the devel-
opment of nationwide efforts to train the general public in the technique of %
SCPR.

Early studies'1 preceded the development of data collection systems with
acceptable resuscitation outcome endpoints, ie, hospital discharge and necu-
rologic survival. Lack of clarity and precision in language used to report
SCPR study results and patient selection criteria are also a problem. All pa- I
tients do not suffer the same type of cardiac arrest: preexisting disease, prcar-
rest medications, arrest time before initiation of SCPR or ALS (or both), and
presenting rhythm vary Patient selection bias within a specific EMS system
m ay preclude patients from entering the EM S data system or bar them from ",h
treatment initiated in the field at all. We agree with Polinitsky et A and
Eisenberg ct alilO that there has not been enough attention to detail in eval-
uating and reporting these data.

CUNICAL SCPR STUDIES
Most prehospital clinical studies include entry data (whether the arrest

was witnessed, performance of SCPR, estimates of the arrest time and exit f
data (successful initial resuscitation, hospital discharge and, more recently,
neurologic outcome), but often there is failure to control for the multiple
factor% that occur between entry and exit. The significant factors and cotac-
tors relating to underlying disease states may be numerous and very inpor-
tant to final outcome.'] Valid data comparisons probably are possible Oinly
when EMS system designs are comparable and when response times,, are
nearly equal. Most investigators have looked for overall differences in rcsus-
citatio n gro ups after a nu m b cr of A LS proto col m anipu lations w ere tried "_
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aortic Pressure i(59 ± 4 mrm H1-g, intra- This apparently result
ssure 33 t suCLINICAL CPR STUDIES

cranial pressr I3 mm Hgj, and thoracic vascular pressu

the aortic to right atria[ diastolic gra- more comparable to th Thompson ot a:

dient 126 ± 3 mrm 1-gi were essen- with sCV-CPR in dog

tially the same as th""se of the epU- from conventional CPR

nephrine.SCV-CPR group that had no at high airway pressure

delay before the commencement of re- a few Pilot expeients

suscitation- Myocardial n oa duorci onya sligh incLSV a avctdi ma, t citd"tvi

brain blood flows were similar in the thricvsuaprstSP waadotdasa ento -citl i

two groups after six minutes and tor gests that the pre1sure Ikeep the hecart it a State trom which it drug ,Od tither the

the remainder of the one hour of CPR. conventional CPR in pit, could he resuscitated., Recently called tr i thle A

Thr eergoa ifrences along high, and that applying hwvr hr a enagirlrc- F01 JLr 9

the necuroaxis of the brain, however, pressure provide altlsoino h iie fecieesa tde 2 ioe

and these differences were a function crease. There is aloprehospital SCpT without prompt de- suffereud a Ires

of duration of CPR (Figure 3). sibility of .direct cardia fibrillation.12 Etins er all' demon- arrest, %%ho) hadj a,:

(4With the delayed Onset of CPR, re- compression in the pi strated the deterioration of cardiac coarse VF" and wb

gion-, in the caudal portion of the rieu- degree of chest deforni rhyrhmi from ve:ntricular rachyar- the M1Iiaoe C

roais patiulrlyth crebllm, Without epinephrine rhyrhmias to asysrale during HOlter svstenv., 'QPdiatric

medull, posti mibrain and ceieelum bral and myocardial hI monitoring t patients in cardiac ar- sntgptet n

cephalon, had higher blood flows s0% and 17% of prea rs hnolvSIRwsaaaj VO ~dtaha
whn esue a wosxad 0 spectively, afe ierOn rhe other'hand, there IS nearly defibrillatioin on

minutes, but lower blood flows after ventional CPR. Dur universal agreement on the effective- Grotups of paitien

50o minutes of CPR compared to the CPR~, however, aortic P neSS Of eIltrical defibrillation tor *S1'H p m a prioh

group without prolonged ischemia P cerebral and myocard VF.I 1 .jpvf.fmnre

<.oil. After two minutL-- Of SCV-CPR approached zeroj levels ceived SOPR from;

in the isehemic group, blood flow to with epinephrine in Studies in the Milwaukee whit rceived. no by'

the medulla, pons, and midbrain actu- cerebral blood flo)w Paramedic System conpaired. A suICCe

ally increased by 70%, 75%, and 53%Y 100%x of prearrestl The Milwaukee County Piaramedic was rcoirded when

aoepeTetvalues, respectively. In bodflow (37"/Xi of 1py System is a multi-tiered advanced life to thle adiiiiisrrari

contrast blood flow to, the rostral nificantly greater thai support sys'%rn based on the Seattle produced an mftcto

briwhich represents cerebrum, de- nephriic group at fiN, mo~del. B~asic emergency medical te:ch- With pulses,.
leelrftrtwin,, n remained h nicians (EMTsI onl tire rescue squads Of the 36.3 patie

creased from IPre-arstleesatrt logdCR hfadi reniecmaisepnd nlys,8

minutes oft CPR and remained essen- ogdCR hradllhregn opne epn nlss

tialy nchnge wih pologedCPR ferences in meanl int) first ifrst responders; systeml average, italdefibrillaia

igluenc hnere wash nosgiiat ara rsues be 2.1 minutes,), followed by ALS para- defibrillation rate

difference between the two groups in groups, hut aortic di medic teamis systeili average, 6.) izevn-bV.srandcr SC

blood flow to the cerebrum. We con- wsget ings th eI;il l-hs

elude that epinephrinle ca uti e si dlperformed by a oingle base station that Significant diftere

rebral peirfusion after a five-minute de- and myocardial bNOo. has miultiple'x voice radio and( continu- eighty-six (if the

~ ~ lay in the onset Of SCV-CPR. A global nephrine in piglets 11 ou electrocardiograph (ECU telenic- were admitted tO

hypoperfusioti phenomenon resistant perfusion pressures. try. Staff membehrs (it the paramecdic cy department w

to epinephrineinduced increases in base are aI small group (it ALIS-certitied a pulse: a succes

perusonprssrewa rotaparnt DISCUSSION ph~ysicians il the aculty if the Mcdi- Ninety-seIVen oit

between groups during the -'0 minutes The resulso h clolgiof icninTebae wrdshreda

reperusion. that use of piphr- physicians tallow American Heart As- ral a; save) The c

f T~ebral and myo arial socianian guid liins tr ALS. I1 Para- SClTR groups had

Conventional CPR in Piglets differetmdso medics may however, admlinlister a,,, tation rate at 51"a,

Conventional CPR (in infant piglets and SCv; with a fi,. many as touir ciountershiicks far VF 26", the no-bys

required much less piston force (ap- the onset ofi CPR; pro to contact with the base phvsi- AlSO had a success

pomaly10nwtOris) to achieve animal model iOf C lno diitain(t ciai'1. o n a

proximstenly diplce en (2: to 2 im of the bench Oiata ron) all paramedic runs are re- rlgi oucm
in% atra cosppceter (or reriva arid ana r- de Ortcany

cm) than was required for adult dogs nephrine appears t corded on Standard forms and entered abIL- We Were LI

~* .t-. )40 newtons)- There was, howver eah hemoe
lessrecil f te:cest, resulting in a creases systemic sis1. [0 addition, all Origiiial rec~iods effect troibs

less efori n (if the anetpse- by preferential va and rhythm Strips ate Kept On tile far ilwaukeec par
20%, deformation OfEarhy evaluation ofecba cepit cotscitr trete rhythm a~it prse

riior diameter during the relaxation nocrbad cephm vericvation paa. iienetts prae h'tlo rnt

phae. ystlicantie and right atrial tongue)anadop h a e , y s t l i c f S m m H g e r e i n t s t i e s) " W t h iIn t h is s y s t e m i w h o w ev re f o u n d iii A n o t h e r in te r e
pressure inr excesscanca (if- 80tdi mm" thg wee inetntWih

achioeved during compression. Thus diac output Is S s' i~tl lt e letoehnclds td a htp

%~ the 2 displacement was 501* rim- the capacity of tl- Oiciatioin hals showed n') signiticant Verted SLiCeessfI

Spsdoa20!.pranent deforma- mechanim usd benefit traml bystander SCPR 0- def ib]I llto ,iloa

ton and produced a different chest ssei aclrpbilddnl

Configutation than that produced by. rashpr us progttiS~dL h fet(I h ).r telria

covninlCPR i large, adult dogs- arid brai.Tuisugttisltthetetotepr- 
heo.itl S

_____tormianict 
tit S(71'R fri n whLer A [S patintS wlii re

.. ~~~ Annals of Eme tech ilI ques by st~d udi g patient tre- atedcricI
spons t: to t i m q ick loo k di.- qet A\L I ptitiic

fibrillat iii i r iuth ) heore the rl in tii n it nil Ii lie

% - istratiOt i t othe r A I) S n moi al i ie I lie , 1 0 -f it 2 1 .ii 3

%~ -'r * ~ ~ ~ effect it bystan~der III ' ti e p r'e- c l tf t 4 i
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huck tront tilt studyI~ poptI)ilattili hc- ruach arruLSt VICtlims w-ithinl tha.t pck-- (AVttcItntn Mid thlt purItwrill1IntC
CAiISC j titst ruspotidur (or a paramuicL1 ()& InI light (ot tis, ain mIllttntltv ()I 1.itilCCcsSairy CIILuSt ctnlpr1USSIiiiis IS
dueturiniiius that thuC paiunI-t IS du111d ojit might CIC too SpunId tunds to pro11VIdu unknown anld should III, StLIIIdt
the sccnc. RuSuISuItilt M il cxc lulStin cri - it in i ap i lrsi n s sic in tot
tcrna in SuCattic and III mowst o~thur prc- quic k dcii hri I Li to, i nstcad tit for Vuiltn
hospital svstcmis arc, not rL'po)tCLd. Al- k-( R chlsscs tor Its L it tcns, to AVe niti httikowininc

tli iigh sisikuSintII tor manyv syStuillsN aclCV hiCku til (aIr -VuiI IIirI iOVuil re- oApr Siiicau h iv kow ut to4%

claimi that Ainuri1cal it cart Associa- stilts.0 uc TRsv l,1Ik_ it

tion gtiidcliius aro. titllowudCL, thesc A third lactoir contrihimtiig to variud .ai rwax' jA l and hruaiiiillg l) alowu. Lx l
guidulinus ark: vury ciiisurvativc and Studyi reullts Is tounid III rtCL'nt rup)ots amnipics tot Such incidcLtits atc qitk ic *

list vurv tcw urituria iltr dcath dul- that11C shfa nhlt tclsdcut cvrc roi n ciritkoos fling, light

Capitaition, rtgor imotrt is, dc~ilipo)si- S(pRtnilt i vuttrculr ihillaVtl(los."-CIS nitg st ri ks, an1d in Lg ovcrIIoSCN.1 ("Plz ~ ~ ~ ~ ~ whi tooi filianvnrL1,1%'I''CII L~it [(i aliMiu ti1ii\ 1) -(1on1, and dupundunIC~t Ivttl', IV 1 h a IC12 tion uvuni 1(r af Short puriiid (of airrust ilul i taiictupiiittui

tual cituria tisud tin a svstutn to dcuc tto.wt sitidiusl ii rintE ciiicciucn1 i Un. inu

(oil Inlitiationid ut S(IT' nayv hr poiiorlv ductthri Ilatit in sho w inpIroVu'd iMtiall III~II-CI'C11b-g'T1'IIL

duetinud orI liisclv uttorcud. I lic dcci adnlissi-i and dischiargc talus. ''IIAl- iiscd.1clist titssag: wats iitriitLicd

siil in X ma IV madc not too hin rcsss-g t tl llyIk Ilptaii in IItIihia C0IIII IWith ruscLuC hica',thing, ~ -

citalti(TI (il piticiits \,1( a ' l' ito I raiiihtiizd IIiiitriillct stuck (If
whiiI-0 tilt' sml tah thu is 0t SCITR too thuC pi)LIWC, .N iiiitiim ar~vhctii,*

chiancui 0 Survival, thus ratcs 0i usi- rapidS dIti hr ti i wE]-lR rb cl icitpci ii A) utll-g

citatiti arc incrcasudI IV Ircatiunt taitusuigiontd dutihr-l~to vL illatii (rs Io, 'ldc("-k mlt.Swl AOv

un~v iii liu~ilhv' p~iticnts ay III initru important to thu: p iscci ritli g.l i carai i

A td wRoth ct 3ll" (of thuL Pllms- ticilt's tiltmmnaitC suiriltha s V Ali) has hc-cii diic. lic-
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CLINICAL CPR STUDIES
Thompson et al

or

The Matter of Time the "thoracic pump." In 1976, Criley et fibrillation. The total study group
We have always been wary of and a127 published their observation of comprised 291 patients. The two ex-

frustrated with estimates by citizens "cough" SCPR, whereby vigorous perimental groups were compared for
of down time for victims of cardiac ar- coughing during cardiac arrest could resuscitation rate (survival to hospitall -
rest. At a cardiac arrest, a trained pro- produce near-normal arterial pressure. and for frequency of emesis before and
vider begins an almost-automated This observation soon was followed by after intubation. The frequency of .-e
ABC sequence that has been honed by other studies that refuted the cardiac emesis was studied to determine
practice and testing." It is, in the one- compression theory of SCPR2X blood whether abdominal compression in- .-
person mode, an almost all-encom- flow. The discovery of jugular venous creases the incidence of regurgitation.
passing activity requiring total con- valves at the level of the thoracic in- Of the 291 patients, 146 had SCPR and .. '
centration until help arrives. Nowhere let, which may create a low jugular 45 (31%0 were successfully resusci- -. -
in the teaching or testing oif BCLS is pressure and facilitate brain blood tated. Of the 145 patients treated with
the rescuer required to note the time flow, led to the concepts of "new" IAC-CPR, 40 (28%d were successfully , '
of the nrret or the initiation of SCPR. SCPR. By simultaneously providing resuscitated (1P = NS). There was no
Seldom in our system does the by- ventilation and compressing the thor- statistically significant increase of
stander actually note the time of ar- ax (SCV-CPR), increased pressure gra- emesis with IAC-CPR. We have com- "
rest, and our postresuscitation inter- dients and improved carotid artery pleted the analysis of hospital dis-
views have not produced consistently flow were generated. Since Criley's charge and neurologic recovery rates
rehable estimates. We think that cit- discovery, considerable experimental of the survivors, and we find no dif- %
izen estimates of down time are high- work has been done to find ways to ference in outcome between the two
It' suspect, and that other time com- improve cerebral and myocardial techniques. Large-scale, randomized, %
parisons made from those data carry blood flow in SCPR. 28 prospective studies of any of the new
the error forward. Such questionable Several refinements of the original SCPR techniques will be necessary be-
data collection has been used by the SCPR technique have been advocated fore they may be accepted. " ."

Seattle group and others to generate, as ways to improve cerebral and/or .
by statistical analysis, event time pro- coronary artery blood flow. These are Open-Chest Cardiac Massage
tiles that are said to give the best as follows: I) SVC-CPR, simultaneous Recent questions about the efficacy
hospital admission and discharge ventilation with chest compression; 29  of standard SCPR have stimulated a
outcomes. 2) abdominal binding;(,;' 3 1 vol- new interest in research with open-

To eliminate the uncertainty of ume loading ' 4) negative diastolic chest SCPR OC-CPR." Experimen- '
time estimation trom study data, we airway pressure; 12 and 5) IAC-CPR, in- tally OC-CPR generates higher ar-
have detined the factor ot resuscita- terposed abdominal compression- terial and lower venous pressures, and
tion time 2

' as a mator component ot CPR.' ; ,  produces near-normal cardiac output
total arrest time in our system. Resus- Some techniques have been subject and perfusion of both heart and
citation time, by our definition, is the to limited clinical trials by other in- brain. " In the laboratory, its superi- .
time trom paramedic arrival to the vestigatorsAi Of the techniques pro- ority as a resuscitative technique is
first sustained pulse and rhythm. In posed thus far, IAC-CPR seems to clear. Early clinical series reported up
our svstcm, the response time from have the greatest potential for pre- to a 28% survival-to-discharge rate, -
notification ot EMS until basic and hospital use, because it requires no survival after two-and-one-half hours
paramedic unit arrival is documented equipment or basic technique change. of OC-CPR, and successful resuscita-
by a data punch card system. Resusci- Studies in canine models have shown tion using OC-CPR after 75 minutes
tation time and response time thus substantial increases in cardiac out- of SCPR had failed.38 The technique is
are real numbers, not estimates. Study put, diastolic arterial pressure, and di- invasive, but has a remarkably low in-
ot resuscitation time confirms the in- astolic arterial-venous pressure dif- cidencc of infection and iatrogenic in-
tuitive reasoning that the shorter the tcrence as compared to SCPR..14 jury. It must now be examined in di-
time to successful deihbrillation of VF Berryman and Phillips evaluated the rect comparison to SCPR. At least two
Ito a rhythm and a pulse), the better technique in a group of cardiac arrest randomized studies with human sub-
the prognosis. Further studies of the patients after standard resuscitation tects are underway.
time parameters in cardiac resuscita- was deemed unsuccessful. " Their re-
tion must be done. suits showed a 47% increase in mean CONCLUSIONS P A

arterial pressure, and a 39",, increase In the 25-year history of the practice
FOCUS FOR FURTHER STUDY in mean perfusion pressure during ot SCI'R, there has been a heightened
Improvements in Chest IAC-CPR. public awareness and the formation of
Compression Technique We undertook a prospective, ran- organized prehospital systems that

C)msiderable reninemeiit in the un- domized study comparing IAC-CpR have had significant impact on corn-
dcrstandilng ot the mechanisn ot with SCIPR tor resuscitation ot pre- nunliices. Early SCPR studies were
blood tlow with SCPR has occurred hospit;il (caripulmonary arret tic- not tightly controlled. but did gener-
sincc the original propoisal by Kou- tims, using the Milwaukee Count- ate some evidence tor effectiveness ot
wenhovcn t al -'- The toundations for Paramedic System. ' Attcr endo- bt-stander SCPR and evidence to Sup- '
the systems (it prchospital lay rescuers tracheal intubation and Initial quick- port the rapid delivery ot detinitivc.
and EMS systems wcreL dCvehCpcd ill look detibrillation, the patients were Caroe In some systens, the importance "
the latc 9 6)s and earlh I)7()s, betore assigned randomly to an IAt'-(I'R (t the bystander initiating SIPR nav
the discovery that the prCdollnant group, or to an SCPR group when they havc bccn overshadowed bv the proVi-
nmechanism (it blood tlow, in 1,(I'R is did not respiunil to the Initial Ite- sionut a s'witt EMS resi o nse. Examin-
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Tr Acme Disposable
instrument Trays

ONE TIME* combines
economy with class

Reusable quality at disposable prices? But of course! . Utilizing the General Purpose Tray only, a 750-bed
With One Time, you'll cut costs without cutting per- Boston, Massachusetts, hospital figured a savings of
formance. Scissors. Scalpels. Forceps. Hemostats. $5.41 per tray or $23,371.20 per year. (Based on
Needle holders. All are custom forged, precision- a reported usage of 4,320 trays annually)
ground instruments of nickel-plated steel manufactured . A 201-bed hospital in Chicago, Illinois, using just
in the U.S.A. the Wou; J Closure Tray can save $8.93 per tray or

And fortunately. all are at your disposal in the largest $3,000.48 annually. (Based on a reported usage of ' " "
selection of procedure trays available. From Wound 336 trays per year.)
Closure toGeneral Purpose.. we have prepackaged trays As you can see, One Tim,- really does combine
with the appropriate instruments and supplies to match economy with class. And Acme would be delighted to
your procedures. We can also customize special trays prove it with a FREE demonstration and cost evaluation
for specific needs. Whichever you choose, both offer for your department. Simply contact us at:
dramatic savings over hospital-prepared trays.

In fact, Acme has been instrumental in saving money in 1.800-8rEL-ACE
many hospitals. Consider these documented examples*: (1-800-635-2263) . -

Acme has the most complete line of
standard disposable trays and

instruments available. We can also
customize special trays for special needs.

• Ste,,de

General 612"'
Purpose
Instrument

%

Acme makes disposable trays Acme Unfted Corporation
* ( 4 ~'JvvjA, ~Medical Products Division

SW Fairfield Connecticut 06430

at Acm United Cormatoon Changing the way the w orld heals'"
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Bruce A. Flashner, M.D.
with partners and associates of
The Flashner Medical Partnership _ __,._-.___.
presents a unique concept in A e l OU
seminars that takes you from xv E f
the first step to the very top! A te ed Hm
Seminar will be held:
September 21st 9 a.m. - 5 p.m.
September 22nd 9 a.m. - 4 p.m. I..I Ie I
Catch the concept before the
concept catches you • ,,., .E
(or your patients)! Y e-" "a"

INSIGHT- 'Thorough. practical, well-planned, well-paced, easily digested, easily applied. full of "pearls," timely, informaton not
available elsewhere." G P_ M.D. Boston, MA

On Saturday September 21 st and Sunday. September 22nd you could accumulate enough knowledge to successfully OPEN, OPERATE
and PROFIT in your own free-standing immediate care center practice or expand the practice you are currently operating This will be a
DETAILED OPERATIONALLY ORIENTED presentation developed for physicians, managers. entreprenuers, and hospital ad-
minstrators Clear, concise details that will show you how to loin in on this growing industry with as little as $10,000 of your own capital

INFORMATION-"Comprehensive, straight forward information that anyone considering such an endeavor shouldn't .,
be without."' M S, Florence, S C

This unique seminar will literally walk you through

DEVELOPMENT EQUIPMENT AND SUPPLY NEEDS FINANCING OWNERSHIP
MEDICAL ORGANIZATION LEGAL AND REGULATORY ISSUES STAFFING PATIENT FLOW .

WORKER'S COMPENSATION OPERATIONS ACCOUNTING BILLING RECEIVABLES
MARKETING AND ADVERTISING COMPUTERS . r.

INSTRUCTION- "Very practical and 'nuts and bolts'type information which will help me greatly
when I open my center." W M, M.D. Milford. MA V

No seminar has ever been able to offer so much...because no single group has acquired so much %,%
hands on experience Recently, The Flashner Medical Partnership sold 22 of The Doctors

Officenters to Humana, Inc. FMP continues however, to provide the medical services at 22
Chicago area offices. At the same time, the partnership totally owns and operates 9 centers in the

New York market areas Dr. Flashner, along with his partners and management associates are
among the leading recognized experts in their areas of expertise

TWO-DAY SEMINAR REGISTRATION-The fee for this seminar is $1000. For each additional
attendee from the same organization the tee is $850. For those Individuals whose registration is

post marked before September 6th, save $50 on each attendee The fee includes all workbook
materials, seminar instruction, refreshment breaks and lunches. The

seminar will be held at the Marriott O'Hare Hotel 8535 W. Higgins Road,
Chicago. Illinois 60631 (312) 693-4444 conveniently located near O'Hare

airport. The entire fee is refundable if cancellation notice is received in our
office by September 6, 1985. Airline and Hotel Room Reservations may be
made through Travel Duet, InC. by calling toll free 1-800-323-1276 (please

refer to The Flashner Medical Partnership seminar). As an added bonus to
seminar participants Travel Duet has arranged for a 35% discount for all

travelers flying United Airlines.

S The Flashner Medical Partnership

312-433-6411 or 1-800-633-2373

REGISTRATION FORM
The Convenient Extended Hour Physician's Office Seminar " . ,

Please reserve registrations for your two-day program

Registrants (please print) t T F h r d l n s
* Check enclosed for $ Payableto The Flashner Medical Partnership

' Mastercard Visa Account Number ________--__

Signature _ __-

NAME - - TITLE ___%_,__

Organization ___ Address -

City State TITLZp Telephone.

NAM E TITLE - --------- T

Organization Address .. -

Cay .------- State . . Zip Teiephone

MCM 123 Send to The Flashner Medical Parnership

Attn Deborah Gold 477 Roger Williams Ave Highland Pak IL 60035 0
L- -.- - -

% 
%. 
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SPECIAL CONTRIBUION
cornp ts CPR defibrllaor resuscitatio

Automatic External Defibrillators:
Clinical, Training, Psychological, and
Public Health Issues2

A utoinatic external defibrillators (A EIs) will Ile IiSt'cl by spoulSes. fai Oi),iki 0a Crf m i:,, MLD MPH MS(
ntnbt'rs. emrergt'ncv first -responders, and the citi tit large'. Such u-se. Mll -, r'S LK'it IS ( MD PfiD
however. raises a numnber of clinical, training. psychological, and puiblic Sie E Morn PhD

healh 1511v Cinial ssue: I cadia arestto b' vrifc'dby he Thorlnj H HeFrrxrr PrhDth ALl) scoClnica ises:ato Isystem arls ao bertife1- e operator Ccr nieorM
or th II, eodvrfcto vi siha rahdetectors. producce Ri ftrr Vdur 131',
errors of ofhi~siot. but greatly e'xpand tlit pool of potential lisers. The( rc'Ia- Pa,,r L Litw in MS

tivWe merits ot high sensitivity and low specificli inl arre'st ve'trificationl lust JrrICHrI H Grriviy RN MS
bec def ine'd by clinicians relative to thle setting and the potential userTs. A EI)s Ailri P Ha. stmrri P!,D
reuire cessation of basic CuR duiring their ri.s.e'ssiet pt'riodl.; tliliciri. JudTT, Pier~i MA
mu11St deteriline the tradeoff b~et ween long interrutption of basic life sujpport Se~aTtie Washir njio
tih an mch earlie'r delivery of countershocks. Training iss;,ues: Criteria for
tose to be trai include consideration of tvho t he patient will be arid Frn yr i, Kinq Cf)Lfr1 fi i W qsCmr:

- whot the A El) operator mnight be. A EI)s poset' a /aimiiar adult eduication Srvice&' Dr. a on vilIti i ,W, arr

* ~~problem,. that i.acquisition of at newv psyichomnotor skill and rettini of MrTCi Psyctii r ar w ida~y
*that skill for lon periods before performamnce. What tire thle best tealching Univera ilv ()! W jar aiiItyi SeaTxif

techniques? Cuirrentlyv available A EIs have diffe'rent designs for clevice-oper- Varr Trl

atoir intertiction. Which deign is most likely' to assure proper pezrformance
during an actual arrest,' Psvcho(logical issties: What airc' the psycholoi pfr?(( I" VaT . 19')r UNL M4 rH V

*effects of learning about, li Iving with, an evenit ual usiing anl A l)? The Hf,r( ! Ifor O.' a ya(r wr,( F: I

developmnent of thle auitomati external defibrillattor coil Situi the( miost Frir~' T (8
recent attempt to achieve early defibrillation of patients tin cardiac aret
The ?Oteni pubjljic hlelth effct Oif soCh deviCcS is en07Orioiis. /ClIMMniin rrr r

R( . Eiseniberg MS, M'oore 1E, H-eartne TR, Andresen F. Wendtr R. Li m 'l. ~ i iFi )
G;raves IR, Hallstromr Al P Perce /: Autitonti externial tefibri ilators: Cii rTTa Cit~"~t( yor v1I
C;linicail, trinning, ps ' chological, and ptiblic health isslic's. Ann Fmergi Med WI-.,,, , O(TIi ry m PTv C i
August 1985;1-755-760./ C a)r ,I,,iT [j 11 Tr 1, 1( 55 i I

INTRODUCTION 'a

Who's Got the joules?
Early defibrillation alone: can iillprOiVC theC sur1VIil Ot 1patiCults V.ho Colai Arrl , if r 0 -1 H

iln ventricLaJr fibrillation VFl. I 2For deCCldes, tht. CArc' of oilt-o) -hoSpitii Cal- )4< SitT'0IA im

diac arrest 1atIenlts has tOCtISet il nwsho carries the detillatoi and pelons .'-rO >iT li IT

thle tletibrillation.o First, dictibril lators werec brought to t he piati eaIW h
clans Ii moi coronary care: units. Thcii higlyv tr.oncd, linphvlicia 1 pc11.
si mud F paransvdies %er shViI nt istito Sb tt adqute A iii MIhVSIC a.Il.
Mo re rececntly IleIS skilICdA c'lirecvii Il'ncl11., L-e1I-ot'ieiy medCil tChi
clans FEMT IIV havke triicd tol detihrillatck. paticnts, anld thci Cttccic
ness has bic-cu contirmedk in e'll si:cliloitIOIICd CvIltIMtiivi ' IL.Iach lIIeC(XSIvc.
transticr ot detihrinllator opeai 113s ecL-il11 1i coi tt gl illt 1,ctihrIlatoli to
tiit coIlapsed paitli nuirt qIck.

flit- tiltiat xelsitCLCOl ill ths tiiii ac 11.1RA i c.O iCt lt-tihnlii has
bee1n1 ito Vist thc- tlt-tIbrII llao to the' patIit- . III I t il l tin ito AlikIIilIti, 1i-

p)Llita1it dethidLatiirs'" (11 titl v 1 t-illt-V and i 55irk-s III tilt' tiIlti
* .~Illtqllitlc 01i tlo, li-Ailtiiill'itic L:tttl'11 , 10 t-IhIIllatiiS Ill tilt-is tlt pu li

hiiii ii bcI~ Ot S-1iiriu iI I i Mpli ilt' resii ItOIIlcI( itk'iiitrri

* 'pilte~ Jilt tilt' L Ittii ii11 it Js' 1111a ) i Iii I i in 1k iioI I it.1i1n11g, puil-
I I I i Jith Itol Ls cIII do It 'ils it I \ lit 11 A L sictilted JL'L I lt us Til-

SII Is hb si II )I Ct iii Ls c]IIItt AHOii III trr I t L \t'l 1111d rjl iilir s 111,111 1 1
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AUTOMATIC EXTERNAL DEFIBRILLATORS
Cummins et al

the home and by minimally trained hesive electrodes. Most lay people can Fig. Step-by-step guide to the iue of
emergency personnel. learn to operate these defibrillators. the automatic external defibrillator. V_
" ~ ~Rhythm identification by the operator Thi~s demonstrates the relative coi-":.3' "

TYPES OF DEFIBRILLATORS is not necessary, but these devices do plexity of integrating basic cardiopul-
By 198.5, four general types of de- require an important operator decision monary resuscitation with the attach- %

i'fibrillatrs were avaihoble for use in and action Ito push the "shock con- ment and operation of the AEl).
prehospital setting. From the per- trol" switch if a shock is "advised"). Weveloled by and used with the per-

spective of "who's got the joules." mission of the King County E-iergen-
each type involves different issues. Fully Automatic External cy Medical Services l)ivision.)

Defibrillators
Blind Defibrillators As do semiautomatic defibrillators,

Defibrillators are sold with no these sense cardiac rhythm through will attach it only to people In full
Smeans of rhythm identification. Al- two adhesive pads attached to the cardiac arrest. Currently available

though these defibrillators are usually chest isome models have one of the AEI)s possess second verification sys-
meant to be components of a larger two electrodes incorporated in an oral tems. One device has an optional
system that includes a monitor, the airway). The operator must attach the breath detector incorporated into an
device is available separately. No oper- device properly and press the power oral electrode to assure that respira-

. ator knowledge of cardiac rhythms is ON switch. Once attached and placed tions have ceased. This oral electrode --
necessary or even useful with such de- in automatic mode, these defibril- also stimulates the gag reflex, thus
vices. This defibrillator may be at- lators analyze the surface ECG signal acting as an additional indicator that
tached quickly to a patient in cardiac and automatically charge and deliver blood flow to the midbrain has ceased.
arrest, and a countershock may be de- countershocks if vcntricular fibrilla- The AEL) of another manutacturer
livered. Because ventricular fibrilla- tion is present. No further operator ac- measures impedance between its two
tion is the most common initial tions are required. These dcfibrillators sternal/apex adhesive electrodes as a'
rhythm in cardiac arrest, there is a require mintimunm operator knowledge method to detect chest wall respira-
certain rationale for such devices, and skill: no operator decisions are tory movenents. Both products send
Blind defibrillators are sold almost cx- necessary beyond attaching the device high-frequency impedance signals be- -
elusively to dental professionals, who to a1 patient and turning on the power. tween the electrodes to detect loose
have an extremely small expectation leads
of caring for patients in cardiac arrest, ISSUES RAISED BY AEDs The understandable concern to
but who have some legal responsibil- Verification of Cardiac Arrest make the devices as satc as possible in %
ity to provide emergency care should There is concern amiong people in- all circumstances may result in satc
an arrest occur. volved with the development of AEI)s but relatively ineffective products. %

about whether AEDs will be used When placed in the home, the work-
Standard Manual Defibrillators only by individuals trained to diag- place, and by first-responders, AEI)s .' a

Standard manual defibrillators pro- nose a cardiac arrest (that is, trained will frequently be attached to cardiac
vide the operator with some method to recognizec an unconscious, pulse- arrest patients within one to two mn.-
for visual identification o the cardiac less, and breathless individual), or utes of the collapse. Many of these pa-
rhythm. These devices require max- whether the devices will occasional- tients, even though they may be in VF
i1m 1i11operator knowledge and skill. ly be used by unskilled, minimally may still have agonal rcspirations, sci-
Training in rhythin recognition and trained individuals. Inadequate assess- zures, or other body movements. It a
proiper operation (if the manual dic- ment of the need for ventilation and second veritication system requires
tibri llator can be accomplished in a compression has been reported fre- complete absence ot respiratory and
It)- to 12 hour course for most cner- quently In studies examining skill re- other movement before delivery of a
gcncy medical paraprofessionals. I'" tention in CIPR trainees. Al 1.1n1- countershock, the advantages Ot early
()peration of a manual defibrillator re- sophisticated, inexperienced operator detibrillation are lost., 1i In the hands
qoui r-s trcqLent practice, retresher May conftise a number of conditions ot trained EMS personnel, a second ri ,
training, and tield experience. - syncope, alcohol or drug intoxica- verification system is uriln-ecesar ,

tion, seiztires, or shock -- with car- and, in tact, has previIted rhythl as- ,
Semiautonatic External diac arrest. In these and other situa- sCssment and shock delivery in sever- c%,c
Defibrillators tlins, stortace signal loise trom al patients.'.

Semiautomatic external dtibril- paticnt noven-s. loose leads, -
litors have t wio adhcsiv elicltridcs ClVIrmiieltil sourcsC, r cvcn per- The Sensitivity/Specificity Issue
that i-rc Casllv attached to tilt chicst tit ttising rlitxnlms with tunliual clIaric- Ilow scnsotivc must an ALI) he. Is
I person in cardiac arrest. MNtsSag's oil tirisnCs, could tool a Vf detector dIC- tler a dilidling lile bctwccn assStoc ".-' *%
a liquid crystal display sCrtcin gide pcndlnig oi tii- surtaci [L('(,. A a rh\tlil that pcrhaps nicil not hi -_
ti opicr.itor through vcriticat.tmi Ot poti'lttihl\I lethlal i-ouniitcrsliiock could shockcd, and vcntilctdar ibrl blitiui,
cardiac arrest, and tell the opiritir lie di-leltd \hicli slomuld i- ()t thI c ALI)s cur-
mit to totich th patiiit %%hdc tilt' O(One Is led to thie qtiestion Of riCitls- aVailalil. (11C devIC r-CqtliCs a 
rllythu is autoniaticill, assessed It \whether A[I)s Lust hc maitacttred sIJl alllnmlittiil- I . % m Im, ;..i

is prcsent, the di-vicc ads ss with a systei tor verification o cat- iC Olts', Alld ioltht ilulilt 2 )-
shock" and ci ti's th -peratolr ti puk'ss diiac arr'st indepeindeilt ot tile sUrtact o 111111 i( )o ol ]o t Cl liti s .%/II -

a "h,,ock button IIi- devicc di-lix\rS L(';, or whither the assuiption can \uold tot ic01 pi t,iilhii to ,ho( k ,I
the coilnttrsho. k tlhroigh l the id- he nade that Operators of the di-victi pAticlt \slhose'VI i ,ihniosii 11 .m % l
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HEARTVAID® GUIDE
ASSESS ABCS,

AIR WAY OPEN

HEAT AID BREATHING?HEART LOOK, LISTEN & FEEL

GUIDE
B~ CHECK PULSE ".

CALL EMS
* ADDRESS[HA CPR IN PROGRESS2,.~.BRING H.ATO PATIENT

CPR ONE CYCLE

2 BREATHS 15 COMPRESSIONS

CONNECT
HEART AID

HEART AID TURN ON
STAND BACK
WHEN VOICE STOPS

COUNT T 15 COUNT TO 15 '
HEART AID

TURN OFF

CHECK PULSE
IF PULSE MONITOR

PULS BREATHING
N IF NO PULSE

CPR ONE CYCLE
REPEAT5- 8'
UPTO 3X THEN
CONTINUE CPRLlA5~ UNTIL HELPTAKES OVER.

2 BREATHS 15 COMPRESSIONS
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AUTOMATIC EXTERNAL DEFIBRILLATORS
CUmnmins et al

high. The difficulty is that a device the rCIIequiremet fill relative!c'Iv long Il- Mll %It l Ii ASIe (PR p iscs a tarnii tar
that is sensitive to very fine VF will terrt-11ions (i CPR. These: Atit ideCs, plentcit du a ed a itt hat It
probably have lower specificity, and Plus mi~sconIceptions !uchI Js thet- Idki Acq or rHIg a11 new psLW h)\i lItO iSkill%

may misdiagnose signal noise as VF. that dct ibriIlt timn sIOI Iil e del-Ld dot rigi oit 110 t ra o i rig, IIIL then TL- %
Further-more, optimal sensitivity/spe- Whil ICT (l IS admIIIIIIstrrd to "pr111IC" taiii og thait Skill tilt Weeks (Ii nit nt hs
cificity may vary, depending on the VF tior easier ctonversion, mnay inhibhit beI)O 1111t111\ I)Cbeog Cll]Lk id to ti pr-%
clinical setting and the operator. Wide acceptance ot ALl )S. tiirinl
When used by trained and experienced Tio teach AELI) oiperatwi n, w e have
LMS personnel, and AEI) may have Who Should Be Trained? uIsed at highlly idividuliIze2d, mu)Llti-
high sensitivity and low specificity, Ani AEI) requl~ires two people: the mledia appriiach Including verbal cx -
because the operators are able to ver- painh a xeine ada l~iaiti iuladosre en
ify cardiac arrest and react to and aretadmyne eir ltiadI onst rat io ns, part icipati rv deIttIOISt ra-
minimize signal noise. In settings in thepratrwomst an l edLirecaognh al tins, ril e-plain g, anrd t.oachinig
which early defibrillatory capability cada retadpoel tahte Every operator is, trained unild he p)-r-
never existed in the home or in re- caEia arrestnd o r th asttng, find forms, the AEI) arrest priitocotl to ivet
mote or rural areas, an AE) with only AI) thcesuibl oinaeseting ind- predetermined critia.
modest sensitivity may represent aA 1.neroStdshaecnin

tikdipoeet.Bcueteo ent and operator canl be complicated. Anme tsuishv eo
st rated at niarkecl dct eriorat ii iiOxe

erator~ ~ ~ ~ ~ ~ ~~o inteestigswlxaehdample, there arc many patients tientepshiittrkllo
crao n teseseting wil arests, at high risk for lethal arrhythmiias tm ntepyhioo kl- i

little experience with cardiac aret, whit theoretically Would be prime CPR- '".2" 2 o Our experience citntir'ni
low sensitivity with high specificity cniaefohmepcmntoan these observations. To address the
may be preferred. cniae o oepaeeto l

Algritm pogrms or he iete- ALl). Many itt these patients, how- problem of skill retent ion, our re-
Aloihmporan ortedec- ever, maritb prprtecn- search teamn revisits each patient and

tion of cardiac rhythms by AEI s iden- da ay Ti nrtt be ' aprieti anyi his AL) tiperatoris) at intervals of sixr
dates Thi grop 111y inludenia.tify VF through analysis itf different y weeks, three months, Six mon01ths, arid

features uor different combinations oft permanently disabled patints inl ex-tened ar failiie. Ciniias ifl one year after initial training. Thc
features otf the E(GG signal. These itt aiy ebr ms eid-i h AEI) op~erator is retested at these vis-
eIlude amplitude, trCk~equency wave form aiym be,,IhtLCLCOlth
mitrphilugy i pow'er spectrum decnsi- propriety ott placement itf an AEl), de- its and, if performance is weak, liei

ty time domlainl tcni e, i I Pending Onl the elinical Condition (if retrained to meet criteria. Several

time away from the istieleetric line.", the pain and in1dividual preferences. mtoso nacn kl eeto
Whena paient rhthm eetsthe Patients whit are excellent ead- are used, including homework assign-

diceIC's criteria for V, the device Will dates for A LI) placement at hotme metltercie using the AEI ), an I

delvera etunersock Th adantge miy lack anl operatoir whit will be telephotne reminders.
o Esithtteciei rVFLi- available readily, thus having at high Thcetaqisio inkllc
ittAEIs i tht te ritriatit VEeL likelihiood ott wi'tnessing the arrest. Inl qu ~sit ion ad retention is Whether

pendin thil testnr of ca r aor be iur experience, we have often decided family memtbers w,,ill operate the ALI)
cand the a mtnatdufarer. callliet tot to place an AEl) because at patienit rpIVdinalatLIcmica-

chaned y te miult~t~rcr CII - lived enit irely alotne, or Was left alone rest. At' the time (it a cardliac arrest,
elans using the results Ott field tr ials IMich Ot the hty When'i tilnily' mem1 the AEl) otperato r must remembelir an Id
Must help define these criteria, besatnelittercterrsir- Prtitrm anl ordered S~lti1.nCLC itt aC-

sib liies Ruiertswhii hve em ime ttitus IFIgurci. These alcts Must ble re.
The "Stop CPR" Issue ti ir t e adica et ie aeinI)C~ beelard Perltot iIed during an

Ali AEl) requiores sa minina i11 at LicCLI theP le-losl itt Iui\'g ti) cari\' intensely dramat1ic aIdlt enlItOit-tleId

aill llotOf tme t aSS~s Cli'd the ALl) to work, arid ot Oibtainting IIII't lltOfte jk(.l & tl(iI
rhythm, to charge its capaiciitrs,, and A-)tanigtt their ciiwitrkers aiiid close Cotmpaiitlor tOiiil member'I It
to tdeliver the cOI iutershitck. Basic I, it ALI tnin to IS (00nm r~ s st)(1 ittotid~wctilstn b

supitin the torni itt CIIR mus t litly WC IliVC eitCI titibeI tt deCsigtae' iiMth ALl) tI-I1 ipttt ilpriIt t

cease during this perioid. Alitiough alaportcAI)Oeto*llSIL' these t1iiiiitiet ( )ttl\' twtO pi)tILitS

AHA sttidards are that basic CItR a priraeAlkiprtt i iii
S~lOLId not ie Intcasese In-caS useCII itt the phIVICI vsteldis- et11OImi toi the A\LI) si rilx gi t ipLI have

for IIOC S IIt~I(2tL~iI 1111tilI~l'sOf- Slttered -t LaIdIia. attest Neitli iopt-,
shtl iitb nerutdttrmte ailities inelcZlIni~tiis ithati five Sectonrds, cutreitly avmai lh atitde it h-pttitt tit peritIli tIILep' I flawlessly,

ALI~s reqtiire that (liIp StillpI01IXI)CJMLLSO te1(t:lll
tr itt op rtll id tueIL tipetatitl c'ik le l I a %,I thit

least 101 tto 1 sctitics. Ali atteittplt III t~rtit l tv ixtte tttest
"LLCIeICC ciOut trslte ks .N ould re- Ot veLitt i tlltll til iii i~tl ll\ the l I

qtii, reeeti ie tttotcrIII~Is. What Skill Acquisition and % iip~ci ~i t i

i, tie trade itt be~tweet Iit 10 i lterruip)- Retention Issues%
twot Ot basic ite stipptirt 'Inid thle eIciseIIL Oittle deiL'Otititittd I I levicc-0perator Interaction %

IttoLLIi e rlierJ dlivert' i ( tI Ciuter1.- beilttt (It eatllVb s~itert ttac (1, LAt tile kItuiIltxt\ (It ik 111.11k~
slitcks7 ).ita tritit iii ttv sUdies colt PlR .111d hecAItse (It A-I IA' staiittds, iistitc illA -I JI i tilt 111t, ('1 .1 tltli~i
tutul the tICeesite (It ealy\ Cetiti (IteIst It'i CI tiliuitig1 itds )lIl l tt k~ atet lucut us a ITlsiul 'ittii

tcrliiek (F d es tii ietitrllie elr,ItCkl Htt AllI )I( ittite )IS. I lII' skill I le b'sl 'it 1L~il h'' Lu l.ik uI, I' ilk

lopc clctitty ut ' I NLA 't- 4It 111ti I I)\ II s, Ill 1ti 11 pai. theL %itii %le p t it h i l
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so e ha itceltapoahs O e tin riraidI~tIpS~ ,'RCCJS iv~dnc:o srs, i ptClt p
devie rCI~ircsthe()prato tonicio- ay aveto h elminted or uni pea Il geeralto avecxpei./CCL

painht difng Capptrocharge arnc fon, prIior cad iac are st. IIIlur study, ait , (ias wel atcs, or pnraintg ap-
cvLIcc rciic thwprite omco a hav tIIoII hc ll clmnthOCdPt~~t for ii car da ingc ateto . Wav Ssprctc

Wisvthtiecorhrvic, tchl tccsor Psyhologi rcanly expeene d aipaowrcd wthat thrcs oCnhs of tde-
st.pin l P, thog ic kting Ot Stpsc Ill- By dcit in addts1 rh c oial cardiac aret h eid IilIlyC~~~ cc a future ani' ao
trlodlcrandi aoidn contc th thcr placcmcnt ofC al AEI1 arc at highc rof uslcchns porlacmnlit A~s atintad
atrinduraing whaparchartep ad for schcardia arrIStIt. In istuy, iuttas wicll as fo pnrcsive st-

coutc shock. Tweuncn i te,, hv hvc envolucdtonly thoschpatis i for nc ard fnniac ptcsts.Wcupct
.1ith thc OCCredceic t erroratre whol adhavoranl efctsrcadia an u- hWevr that CCOts oturrc pf co-

sis~ lcd throuid scryc fstps ina of-estl adisacd thrrst. ilThcpcrid onial mariconstot acepturce haric toPS
ane itpcractivc faILshin with. B(thc cr-VC folong suc an cvcnl t isea timrc fl l hm laocmcn dtofnE ts. ai cnts -

attl indiating hconcah loltp ths morin psclogicalt ad tu smct.Itis sa ail mm cls opcrcticit-
Licncnpc hv purtnsing Yi the nose know Ca bhavorar ahucts and tic) ord Unoerstancraingt toei als auur car-
con trol swtitchc Thc opriator light lriing wian AEIin thismnt crio will diac farcst Acy ufliklto accp sunch
mStnpsh asutnui civra di fct tcs anduges thir hamiics Wlc wat cicysciauy meifa trchnloma-
chtcd hockt thc tocucnrocheg of scps- havci hoc cal at mg hcsycogii- Foir thiica r financia costs may

and zt h- occ the rtcncof 1crrors1C ar cal nd hltcioral cffccts, oftcara ar- Wceprcecont crc oitatthcral plvsco
shown on a Visuid cromtadsp that cst oia ptcnt adtrflic si~rl thcl log ieical harrc.Frs tole accptc ofraiin
thCp-1-t opc dil oth prator) mustd rcad totraviinch ngc ini adutCPR ovc iic fol- inl thc se aim I additiet an ccaLI-
suply)r additinal informtionabto. t lowingr an arrcl, and ~lihcd psclgi I- sionl a of mc,,adicatiophtiati scon

tsrnn talamn mincni th c catai c oft calC anti thi SpAvI ihoa cffc tr fainel) adudrdnigtcci loagn
thlc f llat ftn mact c fi h It tr ) i ghat tr i i gUnnon cdacm n . u cr sanofa nye reu cnfa mil iar and partc

sigals sitthufr suggcD st tatOl hocT f lacc- wh ta mysciosnicdica tcceptlog-
A Whlach appropriteo Inirtiaccs icin-s lcn sptifiit anAt c nsinf- Frtcocaor uspoin actin may

oizatmon of~ lthcm protl scquccctator caints armntatlil cfccscitcrsy rcp rsonctr ardiacu andst Iivasi
ti-quhecincncd visa po~dC inptC that givc d c hoiave orhcairesse wcneal cin - wcil (CactFr ldcr padulntsan taiig

* trcp-hv-stc gu AI)an t tah c crti ir)t Lircdto~LCC t rai ill g ii ngP ali I E fin thc us ofl an AEI rtic actuii-
isit LIcV cfi-t tvist p LtCltcsmti n kc At- allorc cs t ali ALI).hli tshd datau).fn ion p of n c and in ~ti)ia ting s c -
pri-sctV wcth)ikL succcssfu Asc ofg an dccd our rcsuents indcac that 'picntOs rmglolSr mkills.I)rn u rc cruitmcn
AIJl) shld her dpodt onmi ovca Ih diarc htcraitmsc phLI asyc hlogcal, So mtrmw chv ncutrda
training thainj~ thct dtait s r cticce aftLcI, th at silusc hwaci hcin ticd Publcsaahc rcsuescotcpr
shoultd lritni-rt 0 dC. Itc ocr tor 11C thcr inC AeO111~L d tc an acd nearR orh avR i s n ainailty nhrof a cccp rai -,

atC~ IakcsVt appropriatc iniia rchpngedc. only.l snsihiuliyfo he oratc se,, acntla
mid uding l ri ia i o d of l( (PR, ac tiv tin l'atiic nts and c s fai t Sc uh rsi ny t a tlir deic e u u r cariac r rsti n em s t -

(ilt hipec cmncrcncx mcdica prstcmu , cocst trmvc cxVl prsch gir Ideve post be piur, chased nail LvSL paios ande fan l
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AUTOMATIC EXTERNAL DEFIBRILLATORS
Cummins et al

a technology that may have a major 13(Part 21:798-8(11. recognition of ventricular fibrillation and
impact on survival from out-of-hospi- 4. Pantridge IF, Geddes IS: A mo~bile in- other rhythms in patients developing car-
tal cardiac arrest. Criteria for selection tensive care unit in the management of diac arrest, in IEEE Computer Society .. ,
of patients and the best methods of myocardial infarction. Lancet 1967;2: 1983 Computers in Cardiology. Los An-
training both operators and lay re- 271-273. geles, IEEE Computer Society, 1983, pp J..

245-248.sponders are now being identified, as 5. Eisenberg MS, Bergner L, Hallstrom "
well as the psychological effects of All: Out-of-hospital cardiac arrest: Im- 15. Kuo S, Dillman R: Computer detec-
leaming about, living with, and using proved survival with paramedic services, tion of ventricular fibrillation, in, IEEE
AEDs. As this technology is developed Lancet 1980;1:812-815. Computer Society - 1980 Computers in
and applied clinically we are gaining a Cardiology Los Angeles, IEEE Computerand ppled lincaly, e ae ginig a 6. Mirowski M, Reid PR, Winkle RA, ct Society, 1980, pp 347-349.
greater understanding of not only its al: Mortality in patients with implanted
potential, but also the many clinical, automatic defibrillators. Ann Intern Med 16. Eisenberg MS, Bergner L, Hallstrom
psychological, and public health is- 1983;98(Part 1):585-588. A. Paramedic programs and out-of-hospi-puschlogicaes. tal cardiac arrest: 1. Factors associated

7. Cummins RO: Options to provide car- with successful resuscitation. Am I Pub-
lier definitive care, in Eisenberg MS, lic Health 1979;69:30-38.

The authors wish to thank Marlys Van- Bcrgner L, Hallstrom AP (eds): Sudden 17. Cummins RO, Eisenberg MS, Hall-
Beeck, Douglas Austin, and Rebecca Cardiac Death in the Community Phila- sm ta u lf - pa7
Hanley of the King County Emergency delphia, Praeger Scientific, 1984, pp cardiac arrest with early initiation of car-ho,.-t.,

Medical Services Division, who provided 87-100. diopulmonary resuscitation. Am Eaerg

research assistance and organizational 8. Hallstrom A, Eisenberg M, Bergner L: Med 1985;3:114-118.
support; Bruce Haggar and John Kuphal of The potential use of automatic de- 18. Cummins RO, Eisenberg MS: Pre-
the Cardiac Resuscitator Corporation, and fibrillators in the home for management hospital cardiopulmonary resuscitation:
Carl Morgan of the Physio-Control Cor- of cardiac arrest. Med Care 1984; Is it effective? JAMA 1985;253:2408-2412.
poration, who provided technical advice; 22:1083-1087. Is it e ? 1 2,
l)ouglas Stewart, MI), RobertH 9. Copass MK, Eisenberg MS, Damon SK: 19. Standards and guidelines for cardio- .
MI, Gerald Lorch, MD, and I Patrick pulmonary resuscitation (CPR) and emer- -. "
Reagan, M), who provided medical re- EMT Defibrillation. Westport, Connecti- gncy cardiac care (ECC. AMA 1980
view as members of our King County cut, Emergency Train~ng, 1984. 2 4 4 (suppl):453-509.
Medical Advisory Committee; and a 10. Martin WI, Lot.mis IH, Lloyd CW: 20. Winchell SW Safar P: Teaching and
number of citizens of King County who CPR skills: Achievement and retention testing lay and paramedic personnel in
graciously agreed to participate in these under stringent and relaxed criteria. Am I cardiopulmonary resuscitation. Anesth
studies. l'ublic Health 1983;73:1310-1312. Analg Curr Res 1966;45:441-449.
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DURICEF (CEFADROXIL) ,,,_,__ _ _ _ _,_
INDICATIONS: DURICEF (cefadroxil) is indicated for the treat-
ment of the following infections when caused by susceptible
strains of the designated microorganisms: Urinary tract infec-
tions caused by E coit. P mirabilis, and Klebstella species. Skin
and skin structure infections caused by staphylococci and/or
streptococci. Pharyngitis and tonsillitis caused by Group A
beta-hemolytic streptococci (Penicillin is the usual drug of
choice in the treatment and prevention ot streptococcal ifec- J .

fions, including the prophylaxis of rheumatic lever DURICEF is
generally effective in the eradication of streptococci from the
nasopharynx: however, substantial data establishing the effi-
cacy of DURICEF in the subsequent prevention of rheumatic fe-
ver are not available at present.) North Am erican
Norte-Culture and susceptibility tests should be initiated prior Nhr
to and during therapy Renal function studies should be per- Cnformed when indicated.T a s ln C o d n t r
CONTRAINDICATIONS: DURICEF is contraindicated in patients T r n p a tod n t r
with known allergy to the cephalosporin group of antibiotics
WARNING: IN PENICILLIN-ALLERGIC PATIENTS, CEPHALf)-O g n z t o
SPORIN ANTIBIOTICS SHOULD BE USED WITH GREAT CAUTION.THERE IS CLINICAL AND LABORATORY EVIDENCE OF PARTIAL .,
CROSS-ALLERGENICITY OF PENICILLINS AND CEPHALOSPOR-
INS. AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD Announces
REACTIONS TO BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS
AFTER PAENTERAL USE).
Any patient who has demonstrated a history of some form of al-
lergy particularly to drugs, should receive antibiotics cau- 8
tiously and then only when absolutely necessary No exception i
should be made with regard to DURICEF (cefadroxil). Pseudo- 8- ,,, _."O R
membranous colitis has been reported with the use of ceph-
alosporins (and other broad spectrum antibiotics):
therefore, it is important to consider its diagnosis in patients
who develop diarrhea in association with antibiotic use. or a-. ll,
Treatment with broad spectrum antibiotics alters normal flora A n organ donation infor-
of the colon and may permit overgrowth of clostridia Studies in-
dicate a toxin produced by Clostridium difticile is one primary r ation and referral hotine
cause of antibiotic-associated coliis. Cholestyramme and co-
lestipot resins have been shown to bind the tox in vitro. Mild
cases of colitis may respond to drug discontinuance alone. for physicians.
Moderate to severe cases should be managed with fluid, elec-
trolyte and protein supplementation as indicated. When the co-
,itis is not relieved by drug discontinuance or when it is severe
oral vancomycin is the treatment of choice for antibiotic- To refer a potential post-
associated pseudomembranous colitis produced by C difficile
Other causes of coliis should also be considered m ortem organ donor or to
PRECAUTIONS: Patients should be followed carefully so that any
side-effects or unusual manifestations of drug idiosyncrasy secure inform ation
may be detected If a hypersensitivity reaction occurs, the drug
shoiuld be discontinued and he paiettreaed wilh t e usoal
agents (e g., epinephrne or other pressor amines, antihista-
mines, or cortcosterods) or
OaIo lceadro , should be usedwth cauton n thepres- curem ent of organs for
ence of markedly impaired renal function (creatinme clearance
rateoflessthan50ml/min73M2)e os an -transplantation, call your .
tration section of Prescribing Information.) In patients with
known or suspected renal impairment, careful clincal observa- 1%1'.J
tlon and appropriate laboratory studies should be made priorto regional organ procure-
and during therapy .r i l gp oe
Prolonged useof DURICEF mayresult in theovergrowth of non- m ent or -
susceptible organisms. Careful observation of the patient is es- program ,'
sentral If superinfection occurs during therapy, appropriate .. , 4%
measures should be taken. .1,
Positive direct Coombs tests have been reported during treat 800/24-D O N O R
ment with the cephalosporm antibiotics In hematologic stud- 80 / 4 '.ON O
ins or in transfusion cross-matching procedures when
antiglobulin tests are performed on the minor side or in Coombs 0 r N"h
testing of newborns whose mothers have received cephalo- D
sporin antibiotics before parturition, it should be recognized
that a positive Coombs test may be due to the drug. DURICEF
should be prescribed with caution in individuals with a history
of gastrointestinal disease, particularly colitis Staffed by O rgan
Usage in Pregnancy: Pregnancy Category 8 Reproduction
studies have been performed in mice and rats at doses up to l Procurem ent Professionals.
times the human dose and have revealed no evidence of im- for.ys.as a io,'paired fertil tyor harm tothe fetus due to cefadroxil There are Physicians N
however no adequate and well controlled studies in pregnant
women Because animal reproduction studies are not always 

"

predictive of human response, this drug should be used during
pregnancy only if clearly needed
Nursing Mothers: Caution should be exercised when cefadroxi -I..
is administered to a nursing mother
ADVERSE REACTIONS: Gastrointestinal Symptoms of pseudo
membranous colitis can appear during antibiotic treatment
Nausea and vomiting have been reported rarely --*
Hy.pfeensiivty Allergies (in the form of rash urticaria. and
angioedema) have been observed These rea:ions usually sub I
sided upon discontinuation of the drug
Other reactions have included genital pruritus genital monilia .
sis. vaginitis and moderate transient nevropenia %
Before oes rbing or admirnstering see p.Aage ursert 02A %

u% % -N

JJI IJ PHARMACF(UTICAI DIVISION
Mead Johnson & Company - Evansille Indiana 41721 USA
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SPECIAL CONTRIBUTION
anesthetic agents, card iopulmonary
resuscitation, tissue perfusion

* Artificial Perfusion Techniques During
Cardiac Arrest: Questions of Experimental
Focus Versus Clinical Need

* ~(>111teti fS rarv cerebral- cart r nuiln 0 ItO)rv, r's tINCi tt ii Vll tveit' ol it tgfIa 0ile jar r I Nwr Tiii! VU

('x/ltrimnntal /aiIoratorV, have dlefinedl inte'JhanSl71S for 1b100d flow iiutritg Trr;lriA'Uair

c/1oN('dl-Chest C'R atici have demitonstratet' hafit the currenft (311? tc/liniue
j'roduces lnit itid svatci ilL'f-ion51. Mrodif/Iied lse'i-clit' t ('R fec/ililitlu' F rorn Iiei iL A A i, no, Mt Wdtii. lhr

us ladliv imtpro ve' petrflisi n. / Infortui atecviv I lie iratir v (J R .st udies hav cr ie itilo'1 0 f fli 'rqer (, WM1. 'ii

(rltlillV inivc.t'5igltt'l rt'sulscitatlion and sllrvival. III addtion, fit', allilulal1 Harhoir UCLA Mr'ai. 'i,- ri~
mll emrplo ved (proloig~el ventricla ofifltlol nr oielntrd Ctrn

c/imicrll re'levanrce,. bast'd on clinical experience anrd re' stictt oll /ratILT',
(1ind dtatt reportin 11t ec/iqueits andi their it er/rre t ttit lolt1) be littffeICt' liV Presernted Lit tt 1985 UAL M il1 M
Cotitrol values f/ha it( n'10t 1101"117,11 bec'auseL of tilt' ctft'cts of a.tintsfitc . Researcht' yfripo,,ttnrr, tfl (1n,, I (,w 1,t
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* ~~deli re'. (Jiucl anti litircitorv expintct' indlicate tat this goal can be'1 njr~nn

* rott. Cert'brl IprfllsiOm during' c/risd-clietst CPR IS l0W, bilt RC(ML a'tlcI' frot inn ,,'tu etw JmsIN(,il
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ftlltiol circulation ina v lie inotrt lnnportanit thant ct'rt'bral perfusIoni dulrling
caritic iarret's atit (''R. flit' rolet and bent'fi' (If ptn-clt'st (,1 1 ? lhave vet fro
lbt dtitftrtieti. btcaetlfills tt'chiniiqiit will movst likevy lbe ised after Coil -

v'cn Ir nal CP'R failure. Nt'w an11i different texpt'rimoental molslil ret requiretd
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W8. 04:701-708.1

Introduction
t Recent physiological tobservations in the experinmental laboratory suggest

that Systemic perfusioni during closed-chest cardiopulmonary resuISCItation
JCPRI results from phasic fluctuations inl intrathoraCIc pressure, rather than
from selective compression of thle cardiac ventricles between the sternum
And spine. i I Changes in) intrathoracic pressure arc transmitted equally to thle
cardiac chambers, the great intrathoracic vessels, and thle peripheral arterial * -

tree. Large peripheral arteririvenous pressure gradients necessary for systemic
* perfusion arc found only in vascular beds protected by competent venlou-

valves. Such valve's allrow a lower pressure to be mlaintaied Ill thle W1en1u-
system ot the' tissue vaSCulaturcI -'

i1hese and other obhservations' ' made in theQ experimental laborato ry and .

* ~co nfirmcd in electrical/ci linputer models of arrested circulatio n' have given
* rise' to the termi "new ('1R." In a strict senise, this term may indeed be ap-

plied to A new Understanlding anld appreciation of the physiology of artiticiAi
circuilatuory suppo rt during cardiac arrest. A number ()t tIL1 R techniques have
been described tfhat make use of tis new kno wledlge and, in the labi iatoi N,
offer liemri itynamnic advantages rover ('PR1 as it is cut renltly praCticd inl the
clinical setting..' ' 'I /rtortunatelv it is thet'. new techniiqtues, rather thanl
tlit appreciationi of a new Andl ten uo us k nn i ege, that have attrat td the
atentioin of tlec lay publHic and thle mediLcal community. Piracticing clinicians
whir deal with cardiac arrecst daily rci Ignize: that the noutcomife of current
('PR technique is ptni r in certain partient pi ipulatio)ns. CPiR researchers, andN
the clinical communumtv believe that ircsuscltatilii irtiterinie from cardiac ar-
rest 1particularly pirchoispital stitdt'i ardlICe dea.th COUld he better, based il
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PERFUSION DURING CPR
Niemann

1W

TABLE 1. Outcome of prehospital arrest due to VF/VT if-,F%

In-Hospital . ,
No. Patients Witnessed CPR Admitted Mortality Discharged

Thompson27 316 76% Early 34% 67% 36% 43%
(Seattle, 1979) Late 66% 61% 66% 21%
Tweed28  226 NR* Early 29% 45% 45% 25%
(Winnipeg, 1980) Late 71% 25% 80% 5% ,-..
Guzy29 115 41% Early 39% 27% "
(Los Angeles, 1983) Late 61% 6%
Roth3O 98 NR Early 30% 48% 50% 23%
(Pittsburgh, 1984) Late 70% 24% 71% 12%
Not reported

.tp. 4* p ".

their recently acquired knowledge of not likely to be effective unless ap- gional myocardial flow or coronary ,..fet
hemodynamic findings and regional plied early. This limitation obviously perfusion pressures are low during
perfusion during modified CPR. would affect the importance and prolonged CPR.,7,9,1i(,6 9 In addition,

It seems appropriate at this time clinical applicability of their research myocardial and cerebral blood flow
that clinician/CPR researchers return findings. Contemporary research in may fall to nearly zero after two to
to their roots in clinical practice to ex- the laboratory suggests that coun- five minutes of VF and CPR.' ,2

0 *
amine the focus and relevance of re- tershock of ventricular fibrillation (VF} Prolonged CPR is not, however, the
search efforts from a clinical perspec- of greater than two to three minutes treatment of choice for VE The treat- '.-,
tive. This discussion will address duration without artificial circulatory ment of choice for VF is electrical
some questions of importance regard- support is unlikely to result in restor- countershock administered as soon as ""
ing the clinical applicability of resus- ation of spontaneous circulation.1A. possible. From a clinical viewpoint,
citation research findings and focus. Subsequent studies by Kouwen- prolonged studies of CPR in the set-

hoven et al were undertaken to assess ting of VF are of limited clinical rele- '
What Is the Purpose of CPR' the effects of rhythmic chest compres- vance. Evaluation of flow measure- "',

Recent experimental observations sion on defibrillation outcome. Earlier ments has gained more attention than ,*_,%
not only have defined a new mecha- experiments had demonstrated that evaluation of adequacy lie, restoration
nism for blood flow during conven- rhythmic chest compressions during of circulation and long-term survival),
tional CPR, but also have called atten- VF produced arterial pressure pulses even though a model to study ade-
tion to the fact that conventional and arterial blood flow. Using the quacy is easily produced. Although'ft .'
closed-chest CPR produces limited chest compression technique, Kou- electrical countershock is the treat-
systemic perfusion. Modified closed- wenhoven and coworkers noted that, ment of choice for VF, only a few cot-
chest CPR techniques, based on new 'A safe and effective method of mas- temporary research studies actually
physiologic knowledge, also may be saging the heart without thoractomy have assessed countershock outcome %,F -
incapable of sustaining vital organ per- was developed. Adequate circulation and even these studied prolonged .
fusion and life during cardiac arrest, for periods as long as 30 minutes was VF),ix,19.2i 24 Only three studies have I
though still producing better perfu- easily maintained with the dog in yen- addressed long-term (more than 24-
sion. t tricular fibrillation. A closed-chest de- hour) survival.2i 2'

The introduction of closed-chest fibrillating shock would result in the In sum, the investigative model
CPR to clinical medicine was accept- immediate return of normal sinus most frequently used does not reflect "
ed rapidly despite limited (by contem- rhythm in such animals." 2  the clinical practice of resuscitation.
porary standards) experimental study The purpose of closed-chest CPR, as The clinician would not deny imnic-
Kouwenhoven and Knickerbocker, ap- envisioned by its progenitors, was to dWare countershock to the victim ot - .it

propriately credited for discov.ring provide adequate artificial circulation VE CPR researchers do.
and recognizing the potential utility of to the myocardiun during VF until a
closed-chest CPR,i2 were engineers closed-chest countershock could be Does Early CPR, as Currently
engaged in the study ot a technique administered. Adequate myocardial Practiced, Affect Survival
for closed-chest electrical dehbrilla- flow was defined only in terms of re- from Prehospital Sudden
tion. They noted that, "Our experi- sponse to ciluntershock; cerebral per- Cardiac Death? "
ence has indicated that external de- fusion and preservation were implied, l)terminants of resuscitation out-
fibrillation is not likely to he tollowed but never studied. Neither actual cr- come trolm prehospital .

'l ald nIhlOS-.
by the return if spontaneo (us heart ac- onary blood flow nor regional rnyocar- pItal .' cardiac arrest on1v recently -.
tion, unless the countershock is ap- dial perfusion was measured. Conten- have_ been defined, and were not cOii %
plied within less than three nnutes porary investigatioins of prolonged Sldcred or reported in niiv earlv x% .% %]
after the onset of ventricular tibrilla- periods If VF and closed-chest CPR thn1cal stUdiLes.'" Among these dCter- .
tion." Closed-chest cIlountershlIck was (tip i one hour have shown that re- i111, i sre the Hiotllv iCoUtnterId-
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In-Hospital 'N.
No. Patients Witnessed CPR Admitted Mortality Discharged

Myerburg 3' 108 NR* NR 8% 100% 0% k.
(Miami, 1980)

Guzy29  243 41% Early 38% N R .R 17% -.
(Los Angeles, 1983) Late 62% NR NR 4%
Roth3 °  78 NR Early "13% 20% 100% 0% p 2/'_,.€.

Not reported.

cardiac rhythm disturbance, the avail- CPR and countershock of VF in the countershock provided by paramedics ,..2o'ability of early CPR and counter- setting of prehospital arrest improves or defibrillator-trained emergency
shock, the response time of advanced survival chances and is not detrimen- medical technicians. VF is a favorable .
rescuers, and whether the patient's tal to a favorable outcome (survival to rhythm to study As is the case with ..collapse was witnessed. discharge). Although not addressed in the forward pass in football, at least

VF is reported to be the most corn- most studies, preliminary data suggest one of the three possible outcomes of" i" ,r-
mon cause of prehospital sudden car- that a substantial number of VF pa- VF countershock is "good", ie, restora-
diac death, and most clinical studies tients treated with prehospital coun- tion of spontaneous circulation. The .";
addressing resuscitation outcome in- tershock succumb to asystole post- other two outcomes, persistent VF..,' "..-
cdude only those patients in VP Four countershock (35%).,i2,,., When out- and asystole or a pulseless rhythm, -. '"
representative clinical studies address- come has been studied, indications are are accompanied by lower survival "'''"
ing outcome of prehospital cardiac ar- that early CPR in the setting of pre- rates.a2,.U. These other two outcomes,-"--'-
rest are summarized (Table 1). These hospital bradyasystole may not affect which may lower survival statistics "',r''studies were chosen for analysis for survival. Early CPR facilitates resus- substantially, have not been studied inthe following reasons: I) only those citation from VF, but not from other the experimental laboratory as specifi-
patients in VF or ventricular tachycar- rhythms. cally appropriate tests of modified

dia IVT) were studied; 2) response One clinical investigator has sug- CPR techniques, and have been ad- -...-
times for advanced rescuers were re- gested that the major effect of early dressed infrequently by clinical inves- '.ported and were comparable; 3) the CPR is prevention or attenuation o r tigators. emergency
study population could be separated anoxic brain damage and its attendant Asystole or a pulselss bradyar-
into thost who received early CPR complications, which increase inhos- rhythmia is the rhythm encountered(usually by a bystander) and those pital mortality after initial cardiac re- first in 30% to 50 of victims f pr
who received late CPR (usually by a suscitation 7 Early CPR may, in fact, hospital sudden cardiac death. Itoutco
paramedic); and 4) hospital admission have less effect on the chance of i- is nearly always fatal, and its treat-
rates and survival rates were provided tial effective cardiac resuscitation ment has not been addressed ad-

to allow calculation of inhospital than hoped. If resuscitation e'fforts do quately by clinical or basic science".-.'-mortality. For comparison, similar result in a spontaneous, perfusing car- investigators. The "utility" of phar-
data avanlable for patients found in diac rhythm, however, individuals macologic agents used in the treat-
rhythms other than VF or VT are who receive early CPR arn tree likely ment of such rhythms largely rests
shown (Table 2). to leave the hospital alive (Table I). on their effectiveness in VF or in

The following conclusions are sup- Suggestions provided from the clinical pulseless bradyarrhythmias followingported by these clinical studies: I) dis- population (ie, that early CPR facili- asphyxia. These pharmacologic
charge rates of patients who receive tates cerebral preservation) are not interventions have not been well sub-early CPR (30 e- 9%)are substantially necessarily in conflict with observa- stantiatd as beneficial in postcoun-better than discharge rates of patients tions mad'! in the experimental nabo- tershock or in initial asysrole/pulse-

who do not receive early CPR (1 i ratory in studics of extended periods less bradyarrhythmia. The prevalence
7(); 2)bsurvival from prehospirt VF is of circulatory arrest, and mechanisms of cardiac arrest due
more likely than survival from bra- to asystole or pulseless bradyarrhyth-"---
dyasystole or other rhythms; 3) ap- Do Experimental Models of mua have not been well established."at
proximately 50% of patients furred in Cardiac Arrest Reflect Resuscitation a ilure in these clinical
VF will respolnd to current resuscita- Clinical Experience? s~tuations accounts for most deaths . ', .
tive practices and will survive to be Most clinical studies addressing re- due to prehospital cardiac arrest and ',,,'admitted to the hospital; and 4) inhos- suscitatton have evalated emergency deserves basic science and clinical
pital mortality of initially resuscitated treatment of out-t-hospital cardiac an- study. T "
patients is high and contributes sub- rest due to V . The choince ot the pa- i t
stantially to overall prehospital arrest tient population has been dictated Is Vital Organ Perusion Duringmortality, largely by the locus o thie study, CPR Really That Badr"-'-.o"."

Available data indicate that early which is usually the utilit o! early l'erceptio o the adequacy e arsub-
14 8 August 1985 Annals of Emergency Medicine 763 rd l r d ') "a "
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TABLE 3. Regional blood flow during prolonged VF and conventional CPR in
dogs anesthetized with pentobarbital

MAP CO MBF CBF CPR Duration ,

C 126 NR 200 190
Luce*6  CPR NR 7 14 7 min

%C 4% 7,

C NR 254 mL/min/kg 144 211
Voorhees 9  CPR 23 mLmin/kg 22 25 30 min

%C 9% 15% 12%(LV)0
C > 130 2,906 mL/min 119 211 ,.

Ditcheyoa CPR 327 mpomin 24 84 10 min
%C 1% 20% 40%-- 

C 108 NR NR NR .,,,,

Ralstonea CPR 27 mL/min/kg 24 23 10-20 min
%C • "

C > 130 NR 120 (LV) 36Hg).Michael,9 CPR NR 5 (LV) 1 < 5 min [

%C -- 4% 3% ,!

C NR 175 mmcmin/kg 100 60w"n1 g- ,
Voorhees37  CPR 47 mL/min/kg 35 55 5 min-.-,

%C 27% 35% (LV) 90%".-"

All values reported as the mean.
cConvenntonal CPR not performed in accordance with AHA guidelines.
C = control. t eect gnd e
%C percentage controlmtCPR convenlional CPR."

CBF cerebral blood flow (mL/min/100 g). Cr(
COe = cardiac output. aClCP
MAP stmean arterial pressure (mm Hg). "cwsit
MBiF myocardial blood flow (mL/min/ 200 g). " m" d e lo h t df t mp uiNR = not reported , je %

tificial perfusion techniques during case. Our perception of the adequacy research necessitates anesthesia, and
cardiac arrest is based largely on the of conventional CPR aa lwthey dctputas most frequently
study design and the data reporting perfusion technique in the setting of chosen. In the dose used, anesthesia,
methods of CPR investigators. Most cardiac arrest has been shaped by its as well as a wide variety of "normal" .
CPR studies undertaken in the Ipbor- comparison to the "Atormal" circula- or "control" measurements, are pro-
tory have not really studied definitive tion. Cardiac output during conven- duced (Table 3m.
resus citation or survival and cunu- tional CPR is usually less than 30% of Cardiac output in CPR experiments
tional status after resuscitation from "normal," myocardial flow less than is reported using different units, and
cardiac arrest. 20% of "normal," and cerebral flow thus it is difficult to compare studies.
In the typical CPR experiment, less than 20% of "normal." A hough in the first study by Voorhees, car-

control" or prearrest flows and intra- such flows are abnormally low, they diac output was measured in fivestteofC"-epei
vascular pressures are measured, VF is might be adequate, as initially postu- controls and compared to 14 animals
induced electrically, and conventional lated by Kouwenhoven and cowork-rs. undergoing CPR. In three studies, con-
CPR is performed for a variable per ter Anesthetized dogs, the most om- trol output was not reported. In a sub-ot time, during which flows and pres- mon study model in CPR research, are sequent study by Voorhees," control .. .Nr
sures are measured. Conventional not "normal." At our institution, car- cardiac output was almost 50%, more %. I,. i

CPR often is compared to one or more diac function of conscious dogs has than in a previous study., 1 hs
other artificial perfusisn techniques. been studied for ten years. Chronically In our experientobarbitalActual CPR flows and pressures are instrumented dogs undergoing ven- characteristically produces a sinus ,.
measured and reported. l)efibrillatinn triculography and bemodynamic tachycardia and an elevated mean ar-
is attempted infrequently. study (arterial pressure and indocy- terial pressure. Mean arterial pressures

CPR flow and pressure data usually anine green cardiac output determina- in the control state of CPR expcri-
are reported as a "percentage of con- tions) typically have a heart rate of 80 ments are high, compared to observa- . 4,__.
trol" (relative measurements) to pro- to 110 beats per minoute, a mean ar- tions made in conscious dogs. Control " " "
vide a foundation for comparison. The terial pressure of I(W min Hg, Mid a heart rates have not been reported, but -. ...4
reader assumes that control means cardiac Output of 2.5 to 3.5 L/rain rates greater than 140 heats per rain- . . ¢S
normal; however, this is not often the about 100 mnL/imn/kg . CPR anonlal ute are usual in our experience. Heart ..-, j-
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TABLE 4. Regional blood flow during VF and conventional (iI'R if)
animals not anesthetiz'ed with pentobarbital

HR MAP CO MBF CBF CPR Duration
C NR 79 2,306 mL/min 98 NR

Bellamy*1 6  CPR - 33 692 mL/min 20 NR 20 min
%C - 42% 35% 21% 2.'

C 138 110 3.04 L/min 179 42
Shariff "20  CPR - - NR 15 40 2 min

%C - - 12% 95% .
C 72 96 2,354 mL/min 40 NR

Niemannt CPR - 47 NR 18 NR 2 min %

%C - 49% 42% NR
All values reported as the mean.
*Swine model.
tCanine model (unpublished observations). .'.,,
C o control.
CBF = cerebral blood flow (mLlmin/100 g).
CPR = conventional CPR.
%C =percentage control.
CO = cardiac output.
HR heart rate (beats/min). ,

MAP mean arterial pressure (mm Hg).
MBF myocarial blood flow lmt~min/100 g) -
NR not reported or not measured.

rate and arterial pressure are major de- dressed their "adequacy" as defined by countershock did or could have re-
terminants of myocardial oxygen de- Kouwenhoven and coworkers, ie, res- suilted in definitive cardiac rcsuscita-
mand and, therefore, coronary arterial toration of spontaneous circulation tion. (Tables 3 and 4).
flow and myocardial perfusion. Not after countershock. As envisioned by its progenitors 2,5
unexpectedly, control myocardial We have suggested previously that years ago, early CPR after VF may pro-
flows in the CPR research laboratory myocardial flow during VF and CPR vide adequate myocardial flow, ic, ade-
(using pentobarbital anesthesia in should approximate 20 mL/min/l0 g quate to facilitate restoration of cir- 0.
dogs) range from 100 mL/min/l(X) g to to meet the metabolic demands of the culation after early countershock, for
2(X) mL/min/l(XJ g. A true normal or fibrillating heart and facilitate resusci- periods up to 30 minutes long. From .'
control state for comparison of CPR tation.'' The studies of Ralston ct almI this perspective, conventional CPR
myocardial perfusion has not been es- (20 minutes of VF and CPR) and myocardial flow may indeed be life-
tablished, resulting in a wide range of Michael et al"N (50 minutes of VF and sustaining.
control values. CPR) suggest that if myocardial flow %

Similar differences in control values can be maintained at values -- 20 mL/ Cerebral Perfusion During CPR:
are seen when cerebral blood flow has min/IOO g during the period of VF, How Much is Needed to Assure
been measured (microsphere tech- countershock will result in a perfusing an Acceptable Functional Status
nique). This has led to widely scat- rhythm despite prolonged VF and After Cardiac Resuscitation?
tered values of flow during coven- CPR. In an unpublished study from The question of how much cerebral
tional CPR, when compared to the our laboratory, coronary flows of 15 perfusion is needed during CPR has
control (and presumably normal) state nL/min/100 g during conventional not been addressed adequately by con-
prior to induced cardiac arrest. For CPR resulted in restoration of spon- temporary CPR investigators. Long-
comparison, data from several recent tancous circulation in the setting of term survival after cardiac arrest and
studies using anesthetics other than postcountershock asystole or pulseless conventional CPR has been studied
pentoharbital are shown (Table 4). bradyarrhythmia. infrequently, and the cerebral flow .
CPR hemodynamics were studied Although myocardial flow was low necessary during (YR for grossly nor-
in swine in two of the investiga- in these three studies (when compared real neurologic ftunct ion In animals,
tions. 16,20 to percentage of control flow), spoil- after restoration of spontaneous ci r

When compared to the control set- taneous circulation was restored. If a culation has not been reported. Cere-
ting (percentage of control), convcn- flow value ot about 20 mL/min/l0 g bral blood flow if only 20'% to 31 Of
tional (PR produces low and widely oif myocardial tissue is accepted as normal may he all that is required to
variable myocardial and cerebral per- adequate (ie, will result in restoration mHaintAin the brai n's viabiltv as as-
fusion. Although such flows are low ot cirCulatlOIn after countershock), sessed by electrical activity. i 1 '" Ni t-
compared to control values but not then In five f seven studies In which mal or "control" cerebral flow varies "
necessarily to normal values, Only myocardial perfusion was measured from study to studN; how'vcr Ialc .), ,
three contemporary studies have ad- during varying periods of VF and CPR, and obviously will aftcCt pcrcontagc of
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control measurements during cardiac model of prolonged VF, open-chest (combined with early countershock) is
arrest and artificial circulatory sup- CPR is capable of maintaining flow to equally efficacious with either the -.-

port. Nonetheless, percentage of con- vital organs at a level nearly equal to open-chest or closed-chest technique.
trol data has received the greatest at- prearrest or control state. Prolonged The majority of the patients in Ste-
tention. Relating neurologic outcome open-chest CPR during VF, followed phenson's study suffered circulatory
to a given flow (flow per gram or 100 by countershock, results in better arrest due to rhythms other than VE
grams of tissue) would provide unifor- long-term outcome than does conven- Arrest was ascribed to "vaso-vagal re-
mity, permit comparison of studies, tional CPR.2 . Such outcomes are ex- flex action" or was the result of ad-
and allow the clinician and investiga- pected, because the hemodynamic ef- ministered anesthetics. Open-chest
tor to attach functional significance to fects of manual, selective ventricular CPR resulted in a hospital discharge
flow values, compression closely approximate rate of 28% in this population. This

Similarly, cerebral metabolites may those of a spontaneous ventricular outcome substantially exceeds the
not be a reliable index of return of systole or contraction. The hemo- outcome of closed-chest CPR in pre-
neurologic function.4 0 Whether brain dynamic effects of closed-chest tho- hospital arrests due to rhythms other
mitochondrial metabolic function fol- racic compression are different, and than VF. The populations are dis- .,.
lowing ischemia is directly related to reflect differences in the mechanism similar, however, and cannot be di-
return of neurologic function in the of antegrade left heart outflow.4S.46 rectly compared.
intact organism has not been thor- Better regional flow and outcome dur- Currently there are no data to sup-
oughly assessed by investigative labo- ing open-chest CPR in the setting of port the efficacy of early open-chest
ratories. The current controversy re- prolonged VF is a fact and cannot be CPR over early closed-chest CPR .-.
garding complete versus incomplete rationally debated. when either is combined with early , ,..,
cerebral ischemia4 l may be related What is unresolved is the role that countershock. The utility of open-
partly to what is being measured (ie, open-chest CPR will play in resuscita- chest CPR after failed closed-chest re-
cellular metabolites, mitochondrial tion, particularly resuscitation from suscitation techniques has not been %
metabolic function, or functional neu- prehospital cardiac arrest. The labora- adequately studied, but available ex-
rologic outcome, which can only be tory experience is artificial in that VF perimental data suggest that use of "
assessed by gross techniques in ani- has been studied for prolonged periods open-chest CPR after 20 minutes of ,
mals without higher cognitive capabil- without defibrillation, the treatment arrest is unlikely to result in improved '
ities). of choice. Contemporary laboratory outcome. 45 The use of open-chest . __

The ultrastructural and biochemical experience cannot be directly trans- CPR in prehospital arrest rhythms
' events associated with irreversible cell lated to the clinical setting, and the other than VF has not been studied,
* death are being defined and scru- choice of the prolonged VF study but could be advantageous.

tinized in elegant experiments, and model may have biased outcome and .14"1.

there is a growing body of knowledge the medical community's perception Clinical Experience vs
that suggests that many processes re- of the effectiveness of closed-chest Experimental Models:
suiting in cell death may occur after CPR. Is There a Difference?
reperfusion of previously ischemic Proponents of open-chest CPR fre- Defining Clinical Needs
tissue. 4 ' 44 Prevention of postreperfu- quently cite the experience of Ste- The treatment of prehospital VF
sion cellular injury and death perhaps phenson and colleagues. 47 This study may be less than optimal and con-
can be accomplished pharmacolog- addresses some common denomina- stricted by current practice. Outcome
ically If so, preservation of neuronal tors in 1,200 cases of cardiac arrest is dependent on the early availability ."'. ,*
integrity after restoration of spon- treated with open-chest CPR. Only of artificial circulatory support and

* taneous circulation may be more im- 133 of the 1,200 patients (12%) ar- countershock. The unavailability of
portant than cerebral perfusion during rested due to VE Eighty-four (63%) early conventional CPR may not be
cardiac arrest and CPR. Preventing were successfully defibrillated using used to belie its effectiveness.
postrepertusion injury to the heart and direct epicardial countershock. Thirty- Mortality from prehospital cardiac
brain, if it is indeed possible using nine (29%) survived to be discharged arrest due to VF can be accounted for
pharmacologic agents, could substan- from the hospital. There was an in- by the following: 1) delay in defibrilla-
tially increase hospital discharge rates hospital mortality rate of 56%, follow- tion;2 4.2( ', 2) postcountcrshock or .
of victims of prehospital or inhospital ing initial successful resuscitation. "secondary" asystolc/bradycardia; and \ -..
cardiac arrest, without changing CPR These numbers are comparable to 3) inhospital mortality or morbidity
techniques to treat the typical victim contemporary prehospital resuscita- after restoration of spontaneous cir-
of cardiac arrest Isudden death due to tion experience (Table 1), despite the culation. In a recent study, invcstiga-
VFI. use of direct cardiac massage within tors defined a population at risk for . .

four minutes of arrest. We do not postcountershock asystole/bradycar-
Open-Chest Direct Cardiac know if differences in postresuscita- dia.'- Experimental data suggest that
Massage - Will It Improve tion care over three decades could fur- postresuscitation and postrepertusion
Outcome from Cardiac Arrest? ther affect survival outcome. of note tissue injury can be prevented or at- ., -

Experimental studies in animal is that when early closcd-chest CIPR tenuated. In a population of patients
models have shown consistently that and defibrillation from VF can be pro- with VF, radical alteration it) artificial
open-chest CPR, or direct cardiac vided within four mninutes of arrest, perfusion techniques lmlay not he ncc-
massage, is hemdynamically superior hospital discharge rates may exceed essary becausc morbiditv and mor- -
to closed chest CPR in the setting of 4 '(,, 41 Thus the clinical data suggest tality can te prevented. A
proIhongcd VF. In the experimental that early artiticial circulatory support Arrest rhvthins other than VFor
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1Wmbl4aw ell asin bone?

Uu"alt dogage-1 gin to 2 gm once a day

24-hr kill power
ROCEPHINO

200 ceftriaxone sodium

100

Plasma levels are above minimum 10 ___________________________

*bactericidal concentrations S. aurcus 8.6 L nil

(MBC,,s) of common pathogens
for 24 hours;' plasma concentra- *

tions are regarded as important to
therapeutic efficacy, but specific 1.0
levels may not necessarily corre- E. coi. ig nil

late with therapeutic results. A. pnumniae 0.5 jig nil

0. 1 S. pflieurno)niat 0. 1 Ig fill

HI. injillnzatc 11.05 Ig IIl
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J4 Severe inkfctions can be tre A ft it s)ugle dose fgm daily

Outpatient usage offers an additional opportunity for cost
,containent

How to prescribe Rocephin
U.sual adult dose IoH g~in once. aday, IVor IM
Pediatric meningitis 100 mg/kg (not to exceed 4 gm) in divided doses

every 12 hours, with or without a loading dose
of 75 mg/kg

Serious miscellaneous infections in children (other 50 to 75 inek- (not to exceed 2 gnml in divided
than meningitis) doses every5 12 hours
Uncomplicated gonococcal infections Single 250-mg IM dose

*Surgical prophylaxis: Single I-gmi dose,.,1 to 2 hours, preoperatively
coronarv artery by pass

*References: Roche Laboratories
1.I Data on file. Hoffmann-La Roche Inc. Division of Hoffrnann-La Roche Inc.
2. Richards DM. et al: Drugs 27:469-527, 1984. Nutley New Jersey 07110
3. Just H-M. et al: C/winot/rapv.?Q.81-83. Mar/Apr 1984.
4. Patel Ili. Kaplan SA: AmJWcd77:17-25, Oct 19, 1984.

5. Clecland R, Squires E: AnJMed 77:3-It. Oct 19. 1984. Please see next pages for complete product information.

Once--a
RcephiIvEIM 

ceftriaxo~j"ne sodium/Roche



ROCEPRIcp (ceIMataaaee eradlammlach(ad

MICROBIOLOGY The bactencidal acivItye ceffaone results from inhibition of cell wal synthesis CahnW£
• axone hsa high mere of stabd1t, in tepresence of beta lactamases both pen'Clmaws and CRIJI'Mo0DORocephin irI ::sl izand 2z PzostZ a:~

rlinases. at gram-negatve and grampostve bacteria Cetnauone Is usually acive agains the toliowiiij , ,ceftriaxonelylinal sodiumedon (se Roche o ooo :..Us..e)
GRAM-NEGATIVE AEROBES Enterobacter aerogenes, trnteroaet cCir I sche¢ .hua call Hen sm o .r,c e ft ria x o n e so d iu m / R o c h e estae (including ampaloin-resistan m strains), H Paainuetl KieKteosia species icluding K pyummy
niae), Nersseria gonorrhoeae (including penicihnase arid nonpenllhnase producing strains) Ne s~a oo .

menrntgitedis. Proteus mirabifs, Proteus vulgans. Morganella morganv and Serrata rmarcescev s %_

Note Many strains of the above organisms that are multiply resistant to other antibiotics e g pemnulns
DESCRIPTION: RocephinI (ceftnaxone sodiun Roche) is a stenle, semsynheic, broad-spect um ceptalo- cephalosponns and aminoglyceses, are susceptible to ceftnatrone sodium
sponn atibintic oe intravenous or intramuscular administration Ceftnaxone sodium is 5-Thia -azabicy. Cetnaxone is also active against many strains of Pseadomonas aeragnotsa *
clo(4 2 0oc-2-ene-2-carboxylic acid 7-(((2-amino-4-thiazolyl)(methoxyimino)acety uminol-B-uuu-3- GRAM-POS2TNE AEROBES Staptyloccs aurle (including penicillioase-pmoducrig strains) and Stauoy

2 t o h - t - t disiodism sal. J .T0Z - Aococcus aerrmids (Notet methicillin-resistant staphylococci are resistant to cephalospoins including ctr % 4,
The chemical tormula of ceftnaxone sodium is Cie H16 N8 Na2 0, S3 35 H2O It has a calculated molecular taone),Stwtaococcus pyogenes (Group A beta-hemolytic streplococci Stu olococcus agatacoaeiGroup B,,"
weight of 661 59 and the following structural formula streptococc) and Strttococcus pneunrionae. (Note Most straus o enterococci StreptfOcccus laecalis and

Group D streptocacci ate resistant) %.,A
Cetnuaane also demonstrates in Who activity against the following microorganisms although the clinical sig * ro 'k..

c N.. U N - niticance is unknown
GRAM-NEGATIVE AEROBES Citrobacter flutndt. Citrobacter diversus Provicericia speces (including Provr

CtrCa "gen) Salhrsnollfa specis (includig S Ipi SampWt species and Actnecacter calcoacesrcusP
cn ic N 0 - 0 ANAERODES Bacterrodes sheces. Costrnium species (Note most strains of C drificile are resistant)

coo Na SUSCEPTIBILITY TESTING Standard susceptibility disk method Quantitative methods that renure mea
surement of zone diameters give the most precise estimate of antibiotc susceptibility One such procedure

Rocephin is a white to yellowish-orange crystalline powder which is readily soluble in water spanngly sle (Bauer AW Kirby WMM. Shems JC, Turck M Antibiotic Susceptibility Testing by a Standardzed Single Dish
in methanol and very sghtly soluble in ethanol The pH of a 1% aqueous solution is approximately 6 7 The Method, Am J Cr Patho 45,493-496, 1966, Standardized Disk Susceptibilty Test Federal Register 39 19182- "
color of RocaphIn solutions ranges from light yellow to amber, depending on the length of storage. concentra- 19184. 1974. National Committee tr Clinical Laboratory Standards. Approved Standard ASM-2 Performance
lion and diluent used Standards toe Antimicrobial Disk Susceptibility Tests, July 1975 i has been recommended lot use with disks to
Rocephin contains approximately 83 mg (3 6 mEq) of sodium per gram of ceftlaxone activiy test susceptibiliy to ceftnaxo.ne- e s 3.k
CLINICAL PHARMACOLOGY: Average plasma concentrations of ceftnaxone following a single 30-minute intra- Laboratory results of the standardized single-dish suscpblty test using a 3) mcg celane disk should he
venous (I V) infusion of a 05, 1 or2gm dose and intramuscular (I M I administration ol a single 05 or t gm interpreted according to the following three crltena
dose in healthy subjects are presented in Table t t Susceptible organisms produce zones of 18 mm er greater. indicating that the tested organism is likely to . -

TABLE 1 respond to therapy
Ceftnauone Plasma Concentrations After Single Dose Administration 2 Organisms that produce zones of 14 to 17 mm are expected to be susceptible it a high dosage (not to exceed - .

4 gm per day) is used or if the Infection is contined to tissues and fluids (e g unne) in which high antibiotic %
DoseRoute Average Plasma Concentrations (mcgml) leves are attained ? ,

0 5 hr t hr 2 hr 4 hr 6 hr 8 hr 12 hr t6 hr 24 hr 3 ResAstant organisms produce zones o 13 mm or less. indicating that other therapy should be selected ,.

.5Ogm I r 82 59 48 37 29 23 15 1 Organisms should be tested with the ceflnaxone disk, since ctonaxone has been shown by tn vitro tests to be

0.5 gm LM 30 41 43 39 31 25 16 NDt NO active against certain strains found resistant to cephalospormn class disks a ".
t.5 gm I.M t 111 83 87 4 28 1 8 N 9t N Organisms having zones of less than 18 mm around the cephalothin disk are not necessarily of intermediate %a S

4 gm I V 51 111 88 67 53 43 28 18 9 susceptibihty or resistant to cftnaone , _1 gm I M 40 68 76 68 56 44 29 NO NO Standardized procedures require use o control organisms The 30-mcg cetnaxone disk should aive zone or2 gm I V 257 192 154 117 89 74 46 31 15 ameters between 29 and 35 mm. 22 and 28 mm and 17 and 23 mm tor the reference strains I cob ATCC

'I V doses were infused at a constant rate over 30 minutes 25922. S aureus ATCC 25923 and P aerugnosa ATCC 27853. respectvely
tND = Not determined DILUTION TECHNIOUES Based on the pharmacoknetc profile of cefirinaone, a bacterial Isotate may be con- . -,

Cenaxone was completely absorbed tollowing I M administratan with mean maximum plasma concentra- stdered suscepbble it the MIC value for ceftnaxone is not more than 16 mcg'ml Organisms are considered "-.,w
tions occurang between two and three hours postdosing Multiple I V or I M doses ranging from 0 5 to 2 gm resistant to cefrnaxon if the MIC is equal to or greater than 64 mcg/ml Organisms having an MIC value of
at 12 to 24-hour intervals resulted in 15 to 3

6
% accumulatton of cefnaaone above single dose values less than 64 mcgiml, but greater than 16 mcg/ml. are expected to be susceptible it a high dosage (not to exceed ",

Ceftnallone concentrations in urine are high. as shown in Table 2 4 gm per day) is used or if the iefection is confined to tissues and fluids (e g, unne), in which high antibiotic
levels are attained.

TABLE 2 SE. colt ATCC 25922. S aureus ATCC 25923 and P aeruginosa ATCC 27853 are also the recommended reterenc N to

Urinary Concentrations at Ceftrisone Aher Single Dose Administration strains for controlling ceftnaxone diluthon tests Greater than 95% of MICa for the E cot strain should tall within
Dose/Rout- Average Unnary Concentrations (mrcwml) the range of 0 016 to 0 5 mcgIml The range for the S aureus strain should be I Io 2 mcg ml while for the .N

0-2 hr 2-4 hr 4-8 hr 8.12 hr 12-24 hr 24-48 hr P aeruginosa strain the range should be 8 to 64 mcg'ml
INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when caused by

0 5 gm IV 526 366 142 87 70 15 suscepible organisms:
O 5gm I M 115 425 308 127 96 28 LOWER RESPIRATORY TRACT INFECTIONS caused by Strop pneumomtae, Streptaceccus species (excluding
1 gm1 V 995 855 293 147 132 32 enterococci), Staph. aumus, H. infter'ae, H paraainfluenzae, Klebsela species (including K pneumnae]. P a P
1 gm I M 504 628 418 237 ND" NO E. col. E aerogenes, Proteus mirabihs and Serrahia marcescens t,

2gm I V 2692 1976 757 274 198 40 SKIN AND SKIN STRUCTURE INFECTIONS caused by Sth. aumus. Staoh epedermidis. Streptococcus spe- '"I -*
"ND .- Nat determned cies (excluding enterococci), E cloacae, Klebsiella species (including K pneumontiae). Proteus mioabths and % %

Thirty-three to 67% of a cefhnaxone dose was excreted in the urine as unchanged drug and the remainder was Pseedomonas aerogtaosa,
secreted in the bile and ultimately found in the feces as microdiolOgically inactive compounds After a 1 gm I V URINARY TRACT INFECTIONS (comfplicated ared uncomplicated) caused by E colt, Proteus mirabtlis. Proteus P-.
dose. averag concentrations of ceftnaxone. determined from one to three hours afner dosing, were 58r mcg/ vuigars, M. morpani and Klebsieal species (including K pneumonae)
ml in the ga lbladder bile. 788 mcgml in the common duct bile. 898 mcgiml in the cystic duct bile, 78.2 mcg/ UNCOMPUCATED GONORRHEA (cervicaluethral and rectal) caused by Nessena gonorrhoeae, including both
gm in the gallbladder wall and 62 1 mcg/ml in the concurrent plasma penicillinase and nonpenicdllinase producing strains
Over a 015 to 3 gm dose range in healthy adult sublects the values of eltmination halt-life ranged from 58 to PELVIC INFLAMMATORY DISEASE caused by N gonorrhoeae

7 hours, apparent volume of distribtion from 5 78 o 13 5 L. plasma clearance from 0.58 to 145 L/hour, BACTERIAL SEPTtCEMA caused by Staph aureus. Strep pneumotae, E coh H ifvluenzae and W a
and renal clearance from 0 32 to 0 73 Uhour Cefhriaxone is reversibly bound to human plasma proteins, and K. peumoniae ,- *o#,%

the binding decreased from a value of 95% bound at plasma concentrations ot - 25 mcg/ml to a value of 85% BONE ND JOINT INFECTIONS caused by Staph aureus, Strep pneumonae. Streptooccus species lexciud- z- - ,
bound at 300 mcglml ing enterococci), E cob, P mtrabils, K pneumortae and Enterobacter species
The average values of maximum plasma concentration, elimination halt-lite, plasma clearance and volume of INTRA-ABDOMINAL INFECTIONS caused by E co and K pneumoniaedistnbetion after a 50 reghig I V dose and after a 75 egikg I V dose in pediatric patients Suffering tram boc- MENINGITIS caused byl / ntlletzae, N meningitidis and Strep preormon Cehsraaane has also been ssed *" "~ N.

tenal meningitis are shown in Table 3 Cettnaxone penetrated the inflamed meninges at inants and children, M
CSF concentrations after a 50 mg kg I V dose and after a 75 mg/kg I V dose are also shown in Table 3 successfully in a limited number of cases of meningitis and shunt intections caused by Staph epdermidis and " -

TABLE3F.cl
eePharmacneTc Parameters of Cetraxo PROPHYLAXIS The administration of a single dose of ceftnaxone preoperatively may reduce the incid e of t

n Pedrat c Patients with Menpgeis postoperative infections in pahents undergoing coronary artery bypass surgery Although cenriaxone has been
shown to have been as effective as cetazolin in the prevention o intection tollowing cornay artery bypass

50 rgkg I V 75 rgkg I V surgery, no placebo-controlled teals have been conducted to evaluate any cephalosporin antibiotic in the pre
Maximum Plasma Concentrations (mcg m!) 216 275 vention of infection tollowing coronary artery bypass surgery
Elimination Half-life (h) 4 6 4 3 SUSCEPTIBILITY TESTING Before instituting treatment with Raoephin appropriate spcimens should be O.
Plasma Clearance (mlhr kg) 49 60 tained for isolation of the causative organism and tor determination of its susceptibili to the dru Therapy
Volume of Distr'button (ml kg) 338 373 may be Instituted poor to obtaining results of susceptibility testing
CSF Concentration -inflamed

mersnges lmcg MIT 5 6 4 CONTAINOICATIONS: Rocephn is contraindlicated in patients wath known allergy to the cepalospo0in class -

Range (mc ml) t 3185 1344 of antibiotics
Time after Ise (hr) 37 1 6) 33( - 1 4) WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED CAREFUL INQUIRY SHOULD BE MADE 10

*Compared to that in healthy adult sublects the pharmaclrinemcs of cehtrianssoe were only minimally altered in DETERINE P ECLNOTHER DRG THIAIETH S PRVOUCT HOUDPERSE GIIVTENCTIONISY TO CPHNICI
elderly sublects and in patients with renal impairment or hepatic dysfunction (Table 41 therfore dosage ad- SPORINS. PENICILLINS OR OTHER DRUGS THIS PRODUCT SHOULD BE GIVEN CAUTIOUSY TO PENCIL
lustments are not necessary tar these patients with cetriaxone dosages up Io 2 gm per day Celriaone was LIN-SENSITIVE PATIENTS ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION 10 ANY PAtIENt
not removed to any significant extent from the plasma by herodialysis In 6 of 26 dialysis patients the eim WHO HAS DEMONSTRATED SOME FORM Of ALLERGY PARTICULARLY TO DRUGS SERIOUS ACUTE HY
nation rate of cettriaxone was markedly reduced suggesting hat plasma concentrations of cefriaxone should PERSENSITVITY REACTIONS MAY REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRIN[ AND OTHER
be monitored in these patients Io determine if dosage adjustments are necessary EMERGENCY MEASURES

TABLE 4 Pseudomembranous colitis has ber reported with the use of cephalospons (and other broad siecltrC aril . tir S

Average Pharmacokinetic Parameters of Cellaxone in Humans biotics) therefore it is important a consider its diagnosis in patients who develo diarrhea in assocation with
antibiotic use %

Subject Elimination Plasma VOlume o Treatment with broad-spectrum antibiotics alters the normal flora o Tie colon and may primes overlwlh 1t .144
Group Hall Lite Clearance 0i Iriliuon clostndia Studies indicate a toxin poduced by Clostroiuni diffAcic is one primary caue ol antibio

l
e assii -

(hr (L hr) IL) ated colitis Choestyramie and coestiol resins have been shown to biid to the toxin III oli
Healthy Subtrcrs 5 8 8 7 058 1 45 5 8 13 5 Mild cases of coltis respond to drug discontinuance Moe Moderate to wovert cases stould be o idwItod ith
Elderly Sublects (mean age 70 5 Y) 89 083 10 7 fluid electrolyte and protei supplementation as indicated
Patients with renal impairment When the Collis is not relieved by drug discontinuance IN when i is sewr ma vanionlyrl , lh- irtaiii-ii -t

Hemodtalysis patients o chaise for antihbiotic associated pseudomembranoi, coals produced by C dIhitP 01th'r Ia o
,
, o cor,

Svr5 m int 14 7 06,5 I37 should also be considered "- eSenerelht15rml tS7 056 125 % " ,
Moderate (16.30 mt mini 11 4 0 72 18 PRECAUTIONS: GINIRAI Although Iransient elevation t BUN ard s iun (tetlii~rP hut ber ohprrorl Ai
Mild (31 60 ml minI 124 070 I3 3 the recormended dosages the nephrooxic polerlhal Rocephri r' m.10a III Ih har o gier riiIhio.;,

Patients wath oivei disease 88 1 1 13 6
'Creatinine ctearance

-Z
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ROCEPHIN (cutaxo sodium Roche) ROCEPHIN- (cettnaxone sodium Roche) . "'

Caftnaxone is excreted via bot blrary and renal excretion (see Clinical Pharmacology) Theretore patients with After reconstitution each I ml o0 solution contains approximately 250 mg equivalent of cetaonure It required
r l faiure norally require no adlustment in dosage when usual doses of Rocephin are administered but more dilute solutions could be utilized As with all intramuscular preparations Rocephin should be injected wer
coocentrations ot dng in the serum should be monitnred periodicay It evidence o accumulation exists dos within the body ot a relatively large muscle aspiration helps to avoid unintenhonal nection rito a blood vessel
age should be decreased accordingly INTRAVEiNOUS ADMINISTRATION Rocephin should be administered intravenously by intermittent infusionDosage adjustmrents should riot be necessary in patients with hepatic dysfunction however in cialents With Concentrations betwee,% 10 mg ml arnd 40 mg ml are recommended however lower concntrations may be
bolb hepatic dysfuctirn and signiticant renal disease Rocephin dosage should not exceed 2 gin daily without used it desired Reconstrtute vials or piggyback bottles with an appropriate I V dluent Iee Compatibiity

monroting of serum concentrations Stability section;
A pterations i prothrombin times have occurred rarely in patients treate with Rocephin Patients wih lnipaired Vial Dosage S ~z Amount o Diuen to be Added
vitamin K synthesis o low vitamin K stores [e p chronic hepatic disease and malnutrition) may require mon 250 mg 2 4 ma
itori of prothronbrn tme durng Rocephin treatment Vitamin K administration (10 mg weekly) may be nec 500 mg 4 8 ml -

essary if the prothrombin time is prolonged before or during therapy I am 9,m.
Prolonged use ot Rocephin may result in overgrowth ot nonsusceptlible organisms Careful oservaion o the 2 am 192 m'

tent is essental If supentfection occurs douing therapy apprnriate measures should be taken After reconstitution each I ml of solution contains approximately 100 mg equivalent of celrnaxone Withdraw
Rocepfin sthould be prescnbed with caution in individuals with a history of gastrointestinal disease especially entire contents and dilute to the desired concentration with the appropriate I V diluent ,
colors Piggyback Brdle Dosage Size Amount of Diluent to be Added1 CARCINOGENESIS. MUTAGENESIS IMPAIRMENT Of FERTILITY P g a 10 mol sez.l_ _"

Carcinogenesis Considering the maximum duration ot treatment and the class of the compound carcinogen 2 gm 20 ml
icity studies with ceftnaxone in animals have not been performed The maximum duration ot animal tooty After reonstituton turther diute to 50 m or too ml volumes with the appropiate I V diuent *, ' "'
studes was six months

Gnitxogttildsand a test t s 10pm Bulk Pharmacy Container This dosage size is NOT FOR OIRECT ADMINISRAON Reconstitute powderagenesis Geret, tocogy tests includ the Amos test u microncs test d s chromosomal with 95 ml ot an appropriate I V dclent Before parenteral administration withdraw the required amount then
aberratons in human lymphocytes cultured in vitro with ceftriaxone Cefrnaxone showed no potential or mu ftaiel activity in thse studies further dilute to the desired concentrationr -

gmpaiment actertty oestdie prMPAdtuced AnD STAimLpTY:aRocephirmsteri7 of fertility When given intravenously to ruts at daily CO r b N and po ce stele powder should be stored at room temperature 77 .
doses up to 586 mg kg day approximately 20 times the recommended clinical dose of 2 gm day The color Of soloions ranges from light yellow to umber eoendst g on the engi h ro storage oncentratin andeces

PREGNANCY Teratogenic Eftects Pregnancy Category B Reproductive studies have been performed in mice diluoent used
and rats at doses up to 20 times the usual human dose and have no evidence of embryotoxicity. etotoxnicity or14 teratogencay In primates no embeyotoxicity or teratogenicity was demonstrated at a dose approximately three Roph__ntamucul__ slutonsremin tabe (ossof otecy esstha 10_____ he ollwinlie prios ._,,__t

times the human dose Concentration Storage
There are however. no adequate and well-controlled studies in pregnant women Because animal reproductive Drluent mg ml Room Temp 125 C) Retrigerated (4 C)
studies are not always predictive of human response, this drug should be used during pregnancy only if clearly Stenle Water tor 100 3 days t0 days
needed Inlection 250 24 hours 3 days
Nonteratogenic Eftects In rats, in the Segment I (fertility and general reproduction) and Segment III (pernnatal 0% Sodium t0O 3 days tO days ,
aed postnatal) studies with intravenously administered ceftrraxone, no adverse eftects were noted on vanous 0?on Sou 100 3 days 3dayss
reproductive parameters duoing gestation and lactation, including postnatal growth, tnctional behavior and Chloride Snlution 250 24 hours 3 days
reproductive ablity of the offspring, at doses of 586 mg kg-day or less 5% Dextrose 100 3 days 10 days -
NURSING MOTHERS Low concentrations of ceftnaxone are excreted in human milk Caution should be ex- Solution 250 24 hours 3 days
ercrsed when Rocephin is administered to a nursing woman Bactenoslaic Water 100 24 hours 10 days
PEDIATRIC USE Safety and effectiveness of Rocephin in neonates, infants and children have been established 0 9% enzyl Alcohol 250 24 hours 3 days
for the dosages descnbed in the Dosage and Adminrstration section t% Ldocane Solution tOO 24 hsurs tO days
ADVERSE REACTIONS: Rocephin is generally well tolerated In clinical trials, the following adverse reactions, (without epinephrine) 250 24 hours 3 days
which were considered to be related to Rocephin therapy or of uncertain etiology, were observed .
LOCAL REACTIONS - pain, induration or tendemess at the site of inlection (1%) Less frequently reported Rocephin intravenous solutions at concentrations of 10. 20 and 40 mg ml remain stable (loss of potency less
(less than 1%) was phlebitis after I V administration than 10%) for the following time periods stored in glass or PVC containers I - -

HYPERSENSITIVITY - rash (17%) Less frequently reported (less than 1%) were pruritus. tever or chills Storage %
HEMATOLOGIC - eosinophilia (6%), thrombocylosis (51%) and leukopenna (21%) Less frequently reported Didlent Room Temp (25 C) Refrigerated (4 C)
(less than 1%) were anemia. noutropenia, lymphopenia, thrombocytopenia and prolongation of the prothrom- Stenle Water 3 days 10 days
bin time 99% Sodium Chlorde Solution 3 days tO days ,
GASTROINTESTINAL - diarrea (2 7%) Less frequently reported (less than t%) were nausea or vomiting, 5% Dextrose Solution 3 days 10 days %
and dysgennia t10% Dextrose Solutron 3 days 10 days x .
HEPATIC - elevations of SGOT (3 1%) or SGPT (3 3%) Less frequently reported (less than 1%) were eleva- 5% Dextrose 0 9% Sodium Chloride 3 days Incompatible %
hons of alkaline phosphatase and bilrubin Solution % P
RENAL - elevations of the BUN It 2%) Less frequently reported (less than 1%) were elevations of creatinire 5% Dextrose 0 45%. Sodium Chloride 3 days Incompatible t' "
and the presence of casts in the urine Solution
CENTRAL NERVOUS SYSTEM - headache or dizziness wore TeporTed occasionally (less Tnan 1%) Dos uvaiable lor 50-40 org ml concentrations in this diluent in PVC containers only ;R x.,
GENITOURINARY - monlhasis or vagini tis were reported occasionally (less than 1%) Similady Rocephin intravenous solutions at concentrations of 100 ng ml. remain stable in the I V piggyback
MISCELLANEOUS - diaphoresis and flushing were reported occasionally (!ess than 1ii glass containers for the above specfied time periods,
Other rarely observed adverse reactions (less than 0to-) include leukocytosis lymphocytosis, monocylosis, The following intravenous Rocephin solutions are stable at room temperature (25 C) for 24 hours at concen ,
basophilia, a decrease in the prothrombin lime. faundice, glycosuna hernatuna. bronchospasm, serum sick- trations between 10 mg ml and 40 mg ml Sodium Lactate (PVC container) 10'. Invert Sugar (glass con
ness. abdominal pain, colitis, flatulence dyspepsia palpitations and epistaxis tamner), 5% Sodium Bicarbonate (glass container) Freamine III (glass container) Normosoi M In 5'. Dextroselass and PVC containers) Iosoi-B in 51. Dextrose (glass cotainer) 5G. Mannilof (glass container) 10l-,l
DOSAGE AND ADMINISTRATION: Rocephin may be administered intravenously or intramuscularly The usual ad nitol (glass container)
adult daily dose is 1 to 2gm given once a day (or in equally divided doses twice a day) depending on the type Afeiniated sscontabie
rand seventy of the infection [he total daily dose should not exceed 4 grams After the indicated stablty limo perods onused portons of solutions should be discarded . .-.

For the treatment of serious miscellaneous infections in children olner than meningitis the recor'mended total Rocephin reconstituted with 5O0 Dextrose or 0 9% Sodium Chlonde solution at concentrations between 10 my
daily dose is 50 to 75 mg lg (not to exceed 2 grams) given in divided doses every 12 hours ml and 40 mg ml and then stored in frozen state ( 20 C) i PVC (Viaflex) or polyroein containers remains
Generally, Rocephin therapy should be continued tor at least two days after the signs and symptoms ot infection stable for 26 weeks
have disappeared The usual duration is 4 to 14 days in complicated infections longer therapy may be required Frozen soltions shOuld be thawed at rnsm temperature before use After thawing unused portions should be Z
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A new generation of emergency responders ...
deserves a new generation of defibrillators.

Physio-Control's new LIFEPAK 200 automatic advisory 0
defibrillator is so safe and simple to operate that a broader
range of emergency responders can now be trained to
provide on-the-scene defibrillation therapy.

The LIFEPAK 200 defibrillator features a sophisticated Shock
Advisory System which performs an ECG analysis so *
accurate that operator training in rhythm interpretation is
unnecessary.

Standard features include an ECG/ voice recorder. low
maintenance Battery Pak and integral charger All in a
portable, rugged package that weighs less than 1 5 pounds

To find out more about this revolutionary .• S
new defibrillator, call or write for our
brochure.

Physio-ControL.
Defining the standard for the next
generation of defibrillator/monitors. ,. . •
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Session 3: Brain Resuscitation

T he panel on brain resuscitation included discussions on prior metabolic and physiologic state of the experimental
the ischcmic neuron and its environment, the initial animal to the result. ot resuscitation research. The clinical

evaluation of cerebral insult, and clinical maneuvers that can effectiveness, or lack ot etfectiveness, of laboratory-deter-
affect recovery. In developing a perspective on resuscitation mined treatments, such as calcium channel blockers or bar-
research, the discussants have raised three issues: our lack of biturates, certainly depends on the as-yet-undetermined prior
ability to measure physiologic and hemodynamic variables in physiologic parameters of the human subject. Today's "black
the central nervous system; the variability of study design; box" approach to clinical resuscitation research may overlook
and the reproducibility of results, a subgroup that might well benefit from an otherwise ineffec-

tive maneuver.
Measuring Physiologic Parameters Study costs and the need for large numbers of animals have

The first step in transferring basic science knowledge to the led to the use of many species (f small animals in invcstiga-
clinical setting is the ability to measure the physiologic and tions. Extrapolation of data to the human model cannot,
hemodynamic variables of the central nervous system, and therefore, be totally accurate. Arrest-resuscitation models
the ability to adapt such methods of measurement to the must be carefully analyzed before the clinical usetulness of
clinical setting. Current methods of evaluating the CNS vary laboratory-evaluatcd techniques may be assumed. For exam-
but often are too difficult and too sophisticated to extrapolate pie, models of total anoxia versus partial or total ischemia
from the researcher and his laboratory to the clinician and his produce different results. Laboratory resuscitation tech-
laboratory. niques, such as open-chest massage, may not be applicable to

For example, cerebral blood flow determination has been the clinical setting. Unless such correlatiohs arc made, what
accomplished by the microsphere technique, venous outflow appears promising in the laboratory may become a clinical
determination, carotid blood flow measurement, and ther- disappointment.
modilution. Assessing the integrity of the blood-brain barrier, Cerebral resuscitation studies are designed var m ly to de-
cell function, and neuronal environment depends on bin- terminc acute 1mnute1s), subacute (hours), and prolonged .-
chemical analysis and electron microscopy. Cortical tissue (days) neurologic response. The costs and technical dilttcul- .r
pressures can be measured only in the animal laboratory. tics of prolonged laboratory 'ollow-up have led to a predomni- -
Measurement ot intracranial pressure is now a fairly routine InanlCC f studies dCsillCd to look at the acute ir subaCtc
clinical ncurosurgical procedure. Gross structure and func- response. Few, it niv, ot thcsc can be extrapolatcd to the "gold
tion arc measured by the electroencephalogram, by comput- standard" Of ultimate nctrob[)gic rccovcry .
crized axial tt)m(grmn and, in a few centers, by nuclear mag-
netic resonance. The "gold standard" of central nervous Reproducibility of Studies
system function, hi wCeVr, is measurement of ultimate neu- lust as threarc i mtlticciter cclinical trials, the tise ot multi-
rologic recovery which can be accomplished during properly laboratory studlCs sh old be considered, to hasten the acqtisi -
designed clinical investigation. tion of data as well is to determine the suitabilitv ot the

)nly a tew of thcs. dctcrninations are currently adaptable selected nicthodilogv and rcprodUcibilty tft t tc.hniqucs and
ti r genc investigation ICP measurement, EEG, CT scan, results. The multilibirati .rv approach wiuld help t(i analhzc
and measurement (it clinical neurological recovery using thera eutic/tox ic rat II is iIt agL Its used avid I old help tV 1)-t

clinical grading scalcs It scens, therefore, that one obiective determine at which pini clinical trials are ividitited.
it resuscitation resarch ii ght to be to develop clinically "2
useful methods (,t phvsiologic and hcmodvnamic measure-
ment of the centratl iri'ucro.s systCm ludath littmdtl. 1)-

I )pa~r! t tit w ) I IH !, lt\ .I (I'tl

Study Design Wilh it mi(alfr,'( I llhO:.,D~r Rchnicr )na's st udic, demonstrate the impo)rtance of the Povatl ( )ak. .111h.( t .'''. 1w,11

7...-,
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Brain Acidosis

Brain tissue acidosis is a result of either an increase in tissue PC() or an Slig Rehncrona, MD. PhD
accumulation of acids produced by metabolism. Severe hypercapnia (ar- Lund. Sweden
terial PCO, around 300 mm Hg) may cause a fall in tissue pH to around 6.6 -'.

without any deterioration of the cerebral energy state or morphologic evi- From the Department of Neur surgery and
dence of irreversible cell damage. In severe ischemia and tissue hypoxia, the Laboratory for Brain Recearch,
anaerobic glycolysis leads to lactic acid accumulation. This is aggravated by University Hospital, Lund, Sweden
hyperglycemia and by a (trickling) residual blood flow Under such circum-
stances lactate concentration in the tissue may increase to levels above 20 Presented at the 1985 UAEM/IRIEM
to 25 Wnol/g (tissue wet weight), causing a decrease in pH to around 6.0. If Research Symposium in Orlando, Florida, .

lactic acidosis during ischemia or hypoxia reaches these excessive levels, February 7-8, 1985
metabolic and functional restitution is severely hampered upon subsequent -

recirculation and reoxygenation. In these circumstances cell morphology Address for reprints Stig Rehncrona, MD,
shows signs of irreversible damage. Conversely there is less damage if severe Department of Neurosurgery 4, E Blocket, ,

University Hospital. S-221-85, Lund.tissue lactic acidosis can be hindered. The deleterious effect of excessive Sweden
lactic acidosis may be related to an influence on the following: synthesis
and degradation of cellular constituents; mitochondrial function; cell vol-
ume control; posti.schemic blood flow; and stimulation of pathologic free
radical reactions. po,s,sibilities for therapeutic interventions include the
avoidance of hyper, lycemia, inhibition of glycolysis. and measures for in-
creasing the buffer capacity of the brain. fRehncrona S: Brain acidosis. Ann
Emerg Med August 1985; 14:770-776./ S

INTRODUCTION
Brain cells are relatively well protected from even severe systeruic meta- ,

bolic acid-base disturbances. There are several mechanisms by which this is
accomplished. The cells of the brain arc surrounded by a buffered extra-
cellular fluid with its own capacity for pH regulation. Brain cells are also
separated from the blood by the blood-brain barrier, which has low per-mcability to ionic compounds like H' and HCO, . Because CO,, like other ;-.'-;

gas compounds, is freely diffusable, a change in blood PCO, is readily trans- ,-.
mitted to both extra- and intracellular fluids of the brain. Therefore, much
interest in brain acid-base balance originally focused on the effect of rcspira-
tory changes, and much of our current knowledge of brain pH regulation
emanates from experiments with hypo- and hypercapnia.1 Brain acid-base
chemistry, especially that of the intracellular compartment, has gained re-
newed attention with recent demomstrations of a relationship between meta-
holic tissue acidosis and cell damage.

More than 20 years ago Friede and Van Houten 2 related cellular injury in
incubated brain tissue slices to the development of metabolic acidosis. They
observed that morphologic changes were more severe if oxidative metabo-
lism alone was blocked (with cyanide) than if both glycolysis and cellular
respiration were blocked simultaneously. Lindenberg in 1963 hypothesized
that structural alterations in the hypoxic brain described as "morphotropic -- ,--
necrobiosis" were caused by intracellular acidosis. It was only recently estab- * -..
lished with in vivo models, however, that severe tissue lactic acidosis limits
the possibility for cell survival in brain ischcmia.i 9

The purpose of this article is to review data on the relationship between -
severe tissue acidosis and irreversible brain cell damage. In this context, a
summary discussion of cerebral pH regulation, which has been thoroughly
reviewed elsewhere,' I" will be helpful for understanding the acid-base issues
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BRAIN ACIDOSIS
Rehocrona

Fig. 1. Diagram illustrating some
mechanisms of importance for intra-
cellular pH regulat )n in the brain. Cl- H"

in brain pathophysiology.
CEREBRAL pH REGULATION '

The most important mechanisms I CF
serving to maintain brain pH home- ."o~stasis are physicochemnicat buffering, '-"

production or consumption of meta-
bolic acids, and transmembrane fluxes

of H+ and HCO,. Both extra- and in- Na"

tracellular fluids of the brain contain
buffer systems, the most important MeablsmK

being bicarbonate-carbonic acid c Acid production
(HCO, /H 2CO3 ). In addition, the in-T
tracellular fluid contains a number of AId consumption
nonbicarbonate buffers and has a total r
buffering capacity approaching that of . ,-

the blood.
A change in intracellular pH ho-

meostasis usually is due either to a
change in PCO 2 or to a net increase in Na+
metabolic acid production. An in- 1
crease or decrease in PCO2 , tending to
induce respiratory acidosis or al-
kalosis, can to some extent be com-
pensated for by increased consump- processes for brain intracellular pH microscopy. 4 Therefore, it seems rea-
tion or production of metabolic acids, regulation is shown (Figure 1). sonable to conclude that the brain can
ie, by an increase or decrease in buffer resist this degree of acidosis (pH =
base (BB) concentration. Conversely BRAIN TISSUE ACIDOSIS AND 6.65) without gross or irreversible
an acid load due to the accumulation CELL DAMAGE damage if there is no concomitant de-
of metabolic acids may to ,ome extent Intracellular hydrogen ion con- terioration of the cerebral energy "
be compensated for by a decrease in centration may increase due to prin- state.
PCO, (hyperventilation). However, the cipally two different mechanisms,
capacity of respiratory compensation that is, either by an increase in PCO, Ischemic Acidosis -

for a metabolic acid load is rather (hypercapnia) or by increased net pro- In severe ischemia land tissue ,,.
small. Siesj6' demonstrated that an duction of lactic acid within the cell. hypoxia) oxygen delivery to brain cells
increase of the steady state concentra- is insufficient for normal energy pro-
tion of lactic acid in intracellular Hypercapnic Acidosis duction, and acid-base homeostasis is "- -_
water by 6 t±mol/g would require a in clinical medicine hypercapnia threatened by the accumulation of r,
drop in PCO, to 25 mm Hg for pH to often is recognized in situations of acid equivalents (metabolic acidosis).
remain unchanged. respiratory insufficiency, and therefore This situation differs from hypercap-

In addition to physicochemical buff- it is frequently associated with hypox- nic acidosis by being associated with a -"
ering and metabolic regulation, the emia. This creates a complex situa- perturbation of the energy state. Gly- k,

intracellular pH depends on trans- tion at the cellular level. Experimental colysis proceeds tat an increased rate)
membrane fluxes of H + and HCO, data on pure hypercapnia, obtained 1; in the absence of oxygen, and the me-
ions. Extrusion of HI from the intra- ventilating animals with gas mixtures tabolism of glycolytic substrates
cellular compartment is thought to containing a high CO, concentration (glucose and glycogen) terminates be-
occ - in exchange for Na+ through an at normoxia, have sh-wn that brain fore pyruvate oxidation. Due to the in-
antiport system. This acid extrusion is intracellular pH drops from a normal tracellular redox shift with an in- .,
energy demanding; the driving force is value of 7.04 to 6.90 at an arterial creased NADH/NAD ratio, the
the Na '-gradient created by the PCO, of 90 mm Hg, and to around lactate dehydrogenase (LI)H) equi- .
membrane bound Na , K -ATPase. 6.65 at PCO, in the range of 250 to librium is strongly shifted to the right, *..,,

HCO, may be transported inside the .300 mm Hg.'2 At this extremely high resulting in the production and ac- '

cell by another antiporter in exchange (in fact, anesthetic) CO, tension, there cumulation of lactic acid:
for chloride anions. The HCO /C1 is no pertubation of the cerebral cner-..
antport system, which does not seem gy state even during 45 minutes of pyruvate 4 NAI)H(H - i LI)H -
to be energy dependent, may be re- CO, exposure.'' Furthermore, such Lactate 4 NAI)" -.
versed so as to cause a leakage of H + hypercapnic exposure induced scarce-
back into the cell.'' A simplitied ly any irrevcrsible cell changes as Glycolytic metabolism supplies the
diagram illustrating these important evaluated by light- and electron- cell with minor amounts ot energy i"
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Fig. 2. Brain tissL p// as a fuction of
the change in tissue lactate con-

.0 -centration (hring ischenia. (Based on ,4'
avalues froin Ljonggren B. Norherg K,

upon restitution of brain et;ergy ine-
tabl~oisi following total ischernia.

Brain Res 1974;77:173. With courtesy "

froin the authors.)

4) tion, these animals showed consider- *'

:6.0 able recovery of the cerebral energy
state, and return of spontaneous dcec-
trocortical activity as well as of the
somatosensory evoked response
(SER). 7 Light- and electronmicroscopy
revealed only minimal reversible cell
changes at the end of ischemia and
during a 90-minute subsequent recir-
culation period., In hyperglycemic

.0animals, tissue lactate concentration
increased to above 30 linmol/g, and
upon recirculation there was no recov-
cry of cerebral energy metabolism ..
or of any of the neurophysiologic P
variables. In these animals histo- ..% 1*

0 1 0 20 30 pathologic evaluation showed wide- f-.
spread brain cell damage at five min- 0%

intracellular lactate ,umol - g 1 utes postischemia and irreversible
2 changes after 90 minutes of recircula-

tion. Similarly, the metabolic recovery r .
after 30 minutes of complete ischemia

the form of ATP (about 5% of the en- may be more harmful than a total in- was shown to be worse when isch-
ergy yield from oxidative metabolism) terruption of the cerebral circula- emic tissue lactic acidosis was aggra-
at the expense of pH homeostasis, ie, tion. l(, 1 Because interruption of vated by preischemic tissue hyper- -' ,
a fall in buffer base concentration and blood flow excludes any exogenous glycemia. Hyperglycemia caused
in pH. substrate supply, the maximal level to lactate concentration to increase from

Evidence for a deleterious effect of which lactate accumulates during 12 Rimol/g with normoglycemic ische-
increased lactic acid accumulation complete ischemia is limited by the mia to about 25 1imol/g. Taken to-
during ischemia in vivo was first pre- size of the endogenous stores of gether these results indicate that a
sented by Myers and associates, 4 who glucose and glycogen in the tissue. 9  concentration of lactate above 20 to
found that glucose pretreatment of When ischemia is incomplete, which 25 [pmol/g in the ischemic brain is de-
animals worsened the outcome of often is more relevant to clinical mcd- leterious to metabolic recovery and
reversible ischemic-hypoxic insults. icine, the situation is different, and may induce irreversible damage. (:oil- -

Siemkowicz and Hansen' , ', reasoned lactate accumulation may be exagger- versely the brain may resist even pro-
that because brain hyperglycemia pro- ated. Thus a decrease of the cerebral longed periods of ischemia without
longed the time between induction of blood flow to levels below those criti- persistent energy failure or structural
complete ischemia and membrane cal for oxidative metabolism but damage, provided that lactic acidosis .
failure (defined as the point at which which still allow some glucose supply does not reach excessive levels, ic, lev-
massive K * efflux to the extracellular for continued glycolysis may cause an els above 20 jinol/g. -
fluid occurs), preischemic glucose ever-increasing lactate concentration. Neuronal tunction is certainly more.
loading might have a protective effect This issue was examined using a sensitive than the metabolic machi-
due to additional energy contribution. model oIf reversible incomplete ische- cry. Interestingly the immediate recav-
Quite to the contrary, using a model mia ICBF below o% lf ilormal) in rats cry of netlironal tunction also seetms
of teil minutes of complete ischcmia fasted for 24 hours and treated either dependent on the level ot ischemic ..

with subsequent rectircu lation, they with a saline or a glucose solution list tissue lactic acidosis, even it levels
found a considerably better neurologic prior to ischemia. The results were critical tor elutabolic recovery are not
restitution in norm(oglyccmic than in clear. In animals with blood glucose rcachcd. Thus the postischemic rcs-
hyperglycemic animals.:' concentrations in the Iowcr normal ttution iIt neurophysilolgic variables

The hypo(thesis of a detrimental ef- range, brain lactate concentration i- was ftlund ti be inverscly propirtional ,
fect ot severe tissue lactic acidohsis was creased trnm a n rmnal vaILtC (It I) to I schcIniIc lactate accumtllatl10 i,.
further corroborated by findings that a V.mol/g ill aboitit 15 [tolol/g during 3) tlie ranget 10t It( 20 Pll ,l ' eVCn when " "

trickling blood tlw during ischemia minutes ot ischemia. ()po I rccircula- the reclverv t cercbral cnClgV sate %
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BRAIN ACIDOSIS

Rehncrona

Decreased synthesis - Acidosis Endothelial damageI,
Increased degradation "

Prostanoid imbalance
Radical damage

Postischemic "'
Mitochondrial NADH Loss of circulatory "dysfunction degradation volume control disturbance

Membrane _, Energetic Edema Secondary
changes dysbalance Eschemia

Irreversible damage

*3 ¢ ..*

Fig. 3. Proposed influence of severe has similarities with incomplete is- neuronal damage in such diseases.
acidosis on mechanisms that may chemia. Thus oxygen delivery to the Thiamine (vitamin B,), in the form of N.'.-
cause irreversible brain cell damage. tissue ipsilateral to the occluded ca- pyrophosphate, is a cofactor for pyru-

rotid artery may be decreased to levels vate dehydrogenase, and thiamine de-
insufficient for oxidative metabolism; ficiency may lead to regional ac-

was complete.20 Therefore, there may however, CBF still is near normal, 2i cumulation of lactate in the brain. 24
be some difference in critical levels of and the tissue is supplied with glu- Data on brain pH in thiamine-deli- ,
ischemic tissue lactic acidosis for c -se. In physiologically well-con- cient rats (measured autoradio-
metabolic and for functional recovery. trolled experiments with artificially graphically using the '-C-DMO tech- a*

ventilated animals, results with this nique) demonstrate tissue acidosis
Hypoxemic Acidosis preparation have shown that lactate with tissue pH below 6.5)0 in certain

Arterial hypoxia induces a compen- accumulates in parallel to a deteriora- regions. The regions with the most
1% satory increase in the cerebral blood tion of the cerebral energy state, and severe acidosis coincide with those

flow that protects the tissue from a may reach excessive levels (20 to 50 known to be most vulnerable in this
major fall in oxygen availability. Ex- I±mol/g) only in the ipsilateral hemi- disease, and it was suggested that
periments with artificially ventilated sphere.2 Perfusion fixation of the brain acidosis may be in part responsi-
animals have shown that the arterial brain in the reoxygenation phase dem- ble for the injury
oxygen tension (PaO 2 ) may be de- onstrates that severe morphologic al-
creased to 25 mm Hg in uncompli- terations develop only on the occluded MOLECULAR MECHANISMS
cated hypoxia without any perturba- side.2 2 Because decreased lactate pro- FOR ACIDOTIC DAMAGE
tion of the energy state or increase in duction during the hypoxic insult im- Certainly the final outcome of brain
tissue lactate concentration to above 8 proves recovery, it seems likely that ischemia or hypoxia depends on sever-
to 10 ILmol/g. In clinical cases, how- severe lactic acidosis is a pathogenetic al factors that may operate during the
ever, severe hypoxia is often compli- factor for brain damage also in hypox- insult period and/or in the postinsult
cated by factors that counteract the ic situations.2 1  phase. Moreover such factors may In-
homeostatic effect of cerebral vas- fluence each other to create rather I
odilatation. Such factors include a Other Conditions complex mechanisms. Nevertheless
drop in blood pressure, hypoxic heart It is theoretically reasonable that severe tissue lactic acidosis nowfailure, and arteriosclerotic disease enzymatic defects and/or mitochon- seem,, to be a mamor detrimental tac- -".

that may curtail the compensatory hy- drial dysfunction could cause an ac- tor. Although other ettects ot lactate•
peremia. Such clinical situations are cumulation of metabolic acids with accunmulation and of hyperg]e Cia-
mimicked experimentally by severe intracellular acidosis in the brain. Ex- should le considered as well, the most
hypoxia induced in rats after clamping cept for thiamine deficiency however, direct pathopphvsiologic explanation
of one carotid artery From a meta- few data are available on the possible for the cell inlurv is a tall In intia- and
holic point of view this preparation relationship between acidosis and cxtraccllulai pH. Extraccllular pH has ".
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been measured with microelectrodes earlier in vivo results showing per- oconstrictor effects in the postis-
during complete ischemia in normo- sistent mitochondrial dysfunction chemic phase.
and hyperglycemic rats. In these ex- upon recirculation following 30 rin- It should be noted that tissue acid-
periments pH falls from a normal val- utes of severe incomplete ischemia re- osis continues for some time after res-
ue of 7.2 to 6.5 in normoglycemia and suiting in deep tissue acidosis.' Fur- toration of perfusion but is then suIc-
6.1 in hyperglycemia. 21, Data on the thermore, mitochondrial Ca'" se- ceeded by alkalosis, the degree ot
relationship between lactate ac- questering capacity is dependent on which may depend on the degree ot
cumulation and tissue pH lFigure 2) the energy requiring chemiosmotic the preceding acid load t icompare ref-
indicate that intracellular pH may be gradient of H, across the mitochon- crence 251. A possible explanation of
decreased to below 6.0 if lactate accu- drial membrane, and may therefore he this alkalotic shift is reoxidation of ac-
mulates above those levels critical for disturbed by an alteration of the intra- cumulated acid equivalents together N..%
cellular viability lie, 20 to 25 gmol/ cellular pH homeostasis.2 s Resyn- with active H * efflux. Interestingly
g).4.6 Although the lactate-pH rela.- thesis of ATP to restore energy bal- these pH shifts coincide with hvper-
tionship given in Figure 2 is derived ance after ischemia requires NADH emia and hvpopertusion in the N
from experiments with complete is- for reoxidation by the electron trans- postisChemic phise, but the exact re-
chemia with a constant total CO, port chain. Welsh and associates 2" lationship, it any, is obscure.
content in the tissue, it is likely that have shown that the size of the total
the same relationship holds during se- NA pool JNADH + NAD 1 may de- Free Radical Mechanisms
vere incomplete ischemia.2 The re- crease significantly during ischemia, Although their role is not vet clear,
sidual CBF in severe incomplete ische- and suggested that this may limit ATP free radical nechanisns causing lipd11111
mia is extremely low, and it can be regeneration. Because tissue lactic peroxidation and thereby aggravating
assumed that only minute amounts of acidosis in their model is excessive cell damage in ischeinia tollosed by.
CO, will escape from the tissue. (with tissue lactate concentrations ap- rcoxygenation also should he conild-
Moreover, because transmembrane proaching 40 gmol/g ) it was sug- ered. It Is generally believed that
fluxes of H - and HCO, are slow, gested that the decrease in NAI) pool pathologic tree radical mechanisns in.
these ion exchange systems cannot be size was at least partly due to an acid- biological sstenl are initiated ht h\"
expected to ameliorate cellular acid- catalyzed destruction of NAI)H I ac- droxvl radicals i(9H.I i irned trom ILI
osis during severe incomplete ische- celerated by acidosis. peroxide t(), and h\dr igen p IxidC
mia. H,().,) in the Haber-,,c,, ica, tin - .

Thc exact molecular mechanisms Postischemic CBF Disturbances catalVZed bv trct: irn.' Studies. i1n
by which the increase in intracellular Restoration of an adequate blood brain homogenats i ntuhiatL'd lt o.

hydrogen ion activity leads to cell supply and tissue oxygenation is a prc- oxygen ha\C Shovn thit the tat eIt 'It
. damage remain a matter of specula- requisite for neurologic recovery after penxidatiot depends ,I n tle. tre it on
-" non. This is partly due to the fact that ischem ia-hypoxia. Although a pri- concentratioln hli\'"tv\e the tlssLe

changes in pH outside the close phys- marily deficient recirculation no- iron is nnirmalh btound tit hCmIpt,""I
iologic range must influence a great reflow) may hamper recovery, 1 the teins, tcrritin and tranlern and i, "
many enzyme systems and bio- postischemic cerebral blood low usu- theretore not avaiable ht1 pa.itIpA
chemical reactions, including those ally is characterized by initial hyper- torn as a catal't Ill thee C ti' i is

tor synthesis and degradation of cell emia followed hy secondary hvpoper- Because lpid pCIixidatlM, .at l'ast Inl
constituents. Thus in addition to asso- tusion. (2 Severe, delayed hypopcrtu- vitro, is cnhanced h\ a Itducton Inl
elation with deleterious effects on cell sion naV induce a new ischemlic pH, an cttect that 111,1\ a dhle l it,
structure and energy metabolism, a situation with aggravation ot tissue decomapart mnclitallZat it itl 1, i
large acid load may well influence spe- damage. Ischcmic tissue acidosis may acidosis i1n \lVo mayhIV Uslti ti .it) pct
cialized neturonal functions such as influetice the postischenic circulation oxidative danagc
the metabolism of transmitter sub- in several ways. From experimental
stances. Sonic oi the current concepts data it seems clear that a late deterio- Tissue Edema
ofo the development ot ischemic and ration ot cerebral blood flow is more In animals with a hih degtee tit La.
hypoxic tissue intury lFigure 3) de- intense it the preceding ischlcnia is tie acid IIs during sIc LInt a tileC histt,-
serve special attention in relation to complicated by excessive tissue acid- pathilt etc features ti poiitiscLL- 1
tissue acidosis. osis. l This observation may be cx- brain dlniai-, inCludC plilillilt lcll--

plained by progressive endothellIal edema, notaly with sI1 eling it rt i-
Mitochondrial Dysfunction swelling VIth a decrease t capillarv cytes" ,eicalsc aiil ittease ill brain

Brain mittichondria and mitochon- luminal diatneter. Ische'mia leads to laLtate concentratlln tt 2(1 llol g
dra from several other tissues are sen- ani increase Iii tissue conitcnt itt tree \ould cause a (I' it.c reIse Ill i, -,

sitive to changes in pH. Exposure ot tattV acids, ni tahly if tree arachidon ic nitiait, thl isnllotl i ttecH (ii ,ccu-
isolated mitochondria to aclIdtsiS acid, which is rapidly metabolized to mulated lactate n11a1 h,IVL stile illu- .
causes an inhibition ot Al)P-stiiu- prostaglandins in the early rccircul cinte in cIll VilCuncI is iiL, recent l
lated Istate 3 respiratory activity. At tint phasc. Because prostacycInc, his popOiscd 1ioitbcr 1iCehlClis'in bv,
pH ot 6 ( atid below ATP productiltn the natir vas,,odllattr and platelet \0h10h the ictoas tt it ittacclloiI t| II
ceases. 2 ' N trnialization (At pH after aittiaggregator\ prostaglaildill, i, Cx- c(illcetltrlatii lltt has e il' trilt\g b" l-i
hVC nilnute, ot exposure to this low trene_'lv lailc at all aid pJ t, it may1- ta,"tItr ill tgto Iti c.dCII ttinattoi t Ac-
pHl ralnge result,, in incomplete reccv- bc thadt ,CIcLdWo 11 dlturhs the halano~c toldlll.L t,, 011I 1i\pothecII- Ht loo, , ..
cry oi respiratory activitVy2  Ihese re- be tweeil vitactiViy pritsiaglatldiIs Art pIviupcd Int it theC cell Ils 2
stilts with i1i ostrit acidosis cotrroborate w ith rc,utlt i pr,,dt t tcllcl,l t v s- lh.-igc (i NI the tL tt t (itiot cx

.1 i8 A, q.,, ' 10Annals of Emergency Medicine 774 -

" %W' .t = . % o %d%.," % , . %,. . % % . . . % \ ... .• ., . , . o .A .A . ._. .. ~ %-.-.A . .o % -

% %4 * 4 g ', ," .1 t ,, € , , * -. ,-.. .- . . . ;. . ." . r . -." -,:.r ,. . . - . " : . . .



BRAIN ACIDOSIS-
Rehncrona

change being proportional to H decrease lactate productioin bv itihibi- SI iikrss itk: L H antii A (ilnial r,

Thus intracellular acidosis would tin of glycok'tic rate. This can be titil i"5iii tetchrai s'lcIinia i)
enhance infl ux of Na The consc- achieved by barbiturate treatimnt I' h) mni I inid hIi s prgI vcetii rts

quent increase in extracellular H by hx-por he rmia '' (Lrta ink ICI ti% t~n/ Ys -
concentration will cause a tall in Ii- therapy does not p-revenlt 1,101it acid- (I ReI11,11 mii N BSCh I iesin BK Ex-

terstitial HCO, by conversiomn to osis during ischecnia, but at least It 111'L5 t LLIUit dni Au i ilpirtant

CO, CO, is rernoved by the restored will delav the timec peiriiid thit ,Lattit 11i1 iii li iiILciriiai, JamiC InI the

blood flow, but the reduced extra- acid con1centratioin to reach tcritit-al ~ i 1 /i~I' i] 9)

cellular HC() will trigger anl ettlux levels, [-he etteCtivL'neSs tii such thier- I4 4l

of intracellular HCO, Ii exchange tiir apy In cinIical cardiac. attestt LLiii t C IRchnt i ii.i Nt 1r sn 'rcsi BK Brain ~
CI jFigure: 1 . These ionic shitfts natural lv, is, lrnited b\ tilt practical lit Ii. 11 1111 'isndi-Ieilit ccli damlage:

would Increase net transport of both restriction it) )pstIresUsci tt(l i ln Iilitll iiii1t1%5 .ii1,1 iiciiriphiiiliigv. I * ~-
Na - and CIl into the cell, aloing w-ith plicat(in after the maim l iseic i 111. nILIllIiIC9-li
water, causing ani increase oit flte intra- insult anld lit01L..icid IatL nIIIatiiit Kiliin, if RkIViria 'i kndcroieLdt B,

Cellular fuid
1 volume1 an1d Cell sweCll- has )cCtiret It 1 ii B.iiii Ia~tIL ,LitI)I idisis adischciC

tig. I he third possi~bility ill be diJLscse IIii i.1V 2 llistipatbiiiiige9 I (erdi -

relilains1 hvII~jtlttiia and cincerils,

CLINIC AL I MPLICATIONS iCASURes fliit reaICsinek theL buLtter LaC.l1 sniI AWaInaiN Rw isi

I%%() retriispctiC clinl1 'Itidits pacit% (it ie btain BecauseN buLtte'r MII I'L~lIL1.1t.11 berlvniia A cu-
lenld ILuJpport iti the Idea thlat ischciiiic. JIl(j anion' t a' f I('( i nd Iris rent-c i~i.l~iI h~ilrang-Al

lissoc ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~'ld icdii a ia int rt h-bn riilartroi t Ip~l~i ii~ III the jr Nciroh.Le
IISI L' A ld~lll as 11111k~a 11.1111 tfltk'fill bl~old brai I-a ric i5il% a 12L))1_ 1W246

caItite 'iii P( I ili iliigiti rt-oLtr\ Ill pa- ocrs 1(itA tmtt- adiilltratiiii (if

tieItt ILesUst iatc-d aftrt- t [tit-hnsplli 'L.0t butter L-IiiItigh tiit- b(id StCiils K-,,R A. Bnrnii 'Al- intraiceilular pH.

1,i1 arIdliat Arrc-st ),,I a' undi ti' be ill be( jUntc ilietl-0Int iItIttlietLil adIl ~ oi I A "16 290-4 J4. ,

*'isital 1s %%i a1 high1 blnIid 1kluco'se lursrai it base. tibc-ebo boypass- 1 II Ls K Ainiiiistratii ot base via

ILA-Lc I inl di ii A\ siilar.1 stud lk\ ingk theL biiiood brJiti haijrier. touid .it tl S1~ mitt A clinically usetul treat-

stl \5tiif iliLfteAse'd iii irbidits and iti liani. buit It usilyodc' a risk tiit iiAeCIir ii,/(ii/is iX4

t iit\ Ill diAMibei pi.tic-lt' \% Iiili t rtti(iliti illte(t' Vteiitii pils 'I 11 s,w BK Fiilbt-rgriiva i, MacMillan V:

mi i-lu11wl iaaadiis I I hell: cdi i I\ H%, ciicid rci T:in 1 a ses i i mal '- I lw vtiv\c Lit l-vpei tapnia iupon intra-
111111i1 lI ,bscrsti4iis ate' liii tijilt till kalltisis tile paiiplsiligi ntILi- L-ilar 1p1 lin the brain, evaluated by the ,

Iii arb)i iiitc-cirbiinic acid method and
iil' k i1d turthictL iltIilca siiiI-(s elAIte ut tsithI we knoiw little lit adicli

lit itirltA Nsctbelss iltexpl i tiiii tii'a~lililisratiit liiltilli\- inmii tile crcat inc phosphokinase ct~ui
,lltit rIW iti I % No.is TH ClSt eter

1
' Ltt \1CI Iilp ths jitni -,.ra ill WLI(L In o liibritiii I .'elriiLli('h 1972;l9:2483-249 .

IV_lt-t HIMi tbtIlkfIcii.tit, iticaIStite' 111 inil t NF are' .itlt~tl. AlihitiLghl aJ -ibrriaI a~la isoB~

I, lpiI t lt tI IeutaC- Ut11,11t .t Id pihirilatiiilgic appriaci iii increase Tiic tL'Ct Ot tiiiideratt- and marked byper-
isis ii jimal Lits ssiii .itiltially titrit-il~iar b~titr apaciy sccl,1 ti capiia tiuin te ttlegxstsate:adaLi Upon

Illkilllk l L IC %%[ll 1 (lt~J~i in raiLHU.11fluterC~p C~t le ill to til cotiipiasnlic NAI)H;NAI) *ratlil of
filikl iiu Ii hit-Ial ptIM1iisluill prt-'SsUIi bhe ifflictetd \%ith nmaniv obstacles, it Ht: rat brain. / Neiuriocheii 197),19 -

rIIIILlr hI. LIsrLiI SWiC t iepi'Sibil it its fill still tIiav be al1111pirtallt mecthoiit ot 2491 21l) .

tilttipciti urut-tt-nti~l alL tsearchtt ~titrea sitalelt whs ao ircrs 14. Paluarvi L, Suidericidi B1, Kaiinlu H, et
lii. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a I ho eri rsialew\stiices i: hrain iii extremie respirators' acid-

I ItIlt L 1upiilltlt (it brat ii t issue tIil ititraceLTUiar butter capacity ot tile uisus. A\ light- and vicctron-micuis irpuc
aikt lit It lki(iS I itt 1CIII isietiattpc-ds onl brain is, Ii uirtler. sitiks- Ii tilt rait.A It NiiijripalII1 fl~-rli

st %ti kt.1att it S til- lutist iitlpirtitt Lit191 74

ss Itith Arcthe 01C Fliu~ii tile rate ()t REFER~ENCES
tilt' rt-siliI bi(Airl tiu. Ptht- ischic- I itiuBK 1)011 iti ivrigi III11,1 I -flanssen Al' Tb.- txtract-ltUiar ni-

tin huL- eriti. til blnd lcise I IlLItl1t str Ntts, Yiirk, liti wilts- L tlsiLlill ciilcthtratiill Ii brain t-iirtt-\ tul-
illo, ille p riILI ; fil hl)(kf luc se ~iii nig it lic-mia ill lvpui- aild it\is cr-

tiitokc-titr.itiim jinl -1 tilte gIjvCoistit il1 g: -Ct-Ilit. rats. A, Mi Phi ,! 1,1i
rate A-t least thil last twiu variables are: 2 -riutdc L. %'il iicitcti 'Al R. aetiins , 9''i2:24.129

thecrap-LtiLcillv act-ssible Thuis it I bLMCtil 1)()i iuliirtclll Altcritliils ad 1.HssanKAK(III' Ri

suggester
1 that tileasures shuMiild hi. gs-ciils-tuc tllt-talslSll ill th ilalli. I-s 6.[isiiiiiK ,KtliisI

taketn tii preventt hvperglvcenl a frn ill 4 9-)(4 ~ I~VLi 1CI1

icc urritug, c-g, by avo~iing iii tIcrease Lindtit-ibcrg R. iajttertisii ()I 'Ns tul- %j-iini/ 197 ;~ 29) ;,- s

Iil humd glicisc bv svtllpatomiatretial IlLribility Iii ictett hypuixacilia, itIk Itidiilg 17. Niltriili C-i R1-uii 1\ 11.1I I'll

.0actaiit relatec to sitess,, by av(Ituuc ilt-tllt-sla aCCidents1, Ill St-hAdtC i1 iK: Ltetsii (1iiiii. ITIi i
.\1.Mt-nt-nit-v \A/[J triLsi: .rui/ttliv V1n1 ciltcili ['art 2 Btlllk .

trig Ifisionis with siolutiiins coIltaiti- ii~rl1ifu/ii fit, iirii ii jn liii L slt itL J 5t \% a' - I I i

Inig an LIunccessarily high eumnceiltra- ]Ilititicph ia, I-A I avis Coi, 196 ; Irp Ilil. dit it Id :1 7

tiiin ut glucose, aild possibly by i89-2ii0 issititl ililujl i ll 01
Islntrcatnwelt Because an increase. IL R ntr tiii)r tit li)l It-I 11 l 1 , -

in K()(, riot only tenl(]s tii decrease tiI i ~(Xo MIL 11 i 1t \ltpXIt brain 1,,i I I
pH but also) causes an ;creasetI brain tili(Iii, iii lali I, ilsiN Riuliid I P I"K lh1 i- 'y1A N

glucose 11100cd glucoise raitio,- hypcer- Cl "I'A-w li %.,1 .16 ti ,2," I .
capilia should be avoided. ru-/rH iji im il It ill (i fiji- 11 ih 0

A seciontd possibility mnav be to Nuts-, York I.it-ii i'rt-s I')) ,1)i ,i I -
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F Bretyol .
(bretylium tosylate)

en you giv enough,
nenough, long enough.
Give enough Bretylol is most often successful at higher

. . . doses. One clinical study found that 300 to 600 mg were
generally required in VF In fact, failure can usually be
related to an inadequate dose. In VF, Bretylol should
be administered 5 mg/kg by rapid IV bolus, and then
10 mg/kg repeated as necessary

Soon enough Bretylol is most successful when started -

early Early administration, within 15 minutes or less, has
been associated with increased survival in countershock-
resistant VF patients. Unlike lidocaine and procainamide, %
Bretylol significantly increases the VF threshold and
decreases the def ibrillation threshold.34 So it is a logical
first choice for use after electric countershock, epinephrine,
and sodium bicarbonate.

Long e'nough Bretylol can most successfully prevent VF in
post-MI patients when treatment is maintained. In two stud-
ies, VF was prevented in nearly all patients who received %

'.. maintenance doses of Bretylol following Ml -  In patients at
risk of ventricular fibrillation, Bretylol should be given by
continuous IV drip at a dosage of 1-2 mg/min. Some
degree of hypotension is present in approximately 50% of
the patients treated and is usually controlled with fluid
replacement alone. %

For additional information, contact the Medical Services ." , .,t
Department, American Critical Care, 1600 Waukegan Road,

McGaw Park, IL 60085. Phone 1-800-323-4980.

References: 1. Day HW Bacaner M Use of bretylium tosylate in thleN
Management of acute myocardial intarction Air J Cardio27 77-189
1971 2. Harrison E. Amey BID The use of bretyum In prestilthe " I

.. ," I ) ventricular fibrillation Arr J Errergency Med 1 1 6 1983 3. Bacaner MB
Quantitative comparison of brelylium with other anifibrillatory drugs
Am J Cardil210(4) 504-512. 1968 4. Babbs CF Evaluation
of ventricular defibrillation threshold in dogs by ariiarrhythmic
drugs Ari Heart J 98(3) 345-150, 1979 5. Castle t Synipo inui
on the management of ventricular dysihytimias An J Ci%.i

J

Please see brief summary of prescribing information on following page % ' '

Br"ey kl(bretylium tosylate)
Success is a matter of milligams,minutes, and maintenance.

.: American Critical Care American Hospital Supply Corporation
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(Brer y utof ~ae POSITIONS
NUTfOU-8ftETYLOI. is indicated in the prophylaxis and threrapy 01

VA'Y0.i O oniae n e treatment of lile-threatening ventriculat I I I L
aetttyersuas surch as ogtclar tcltira. that hawe tailed to respond to WNE
adequate doses of a hri-hoe anhardtythttnc agent, Such as ludocamne

U0e001 ORE Tipu0t shood be limited to intensive Care units Coronary Care sss ,i]

unids W r 0106 facades wi 'eouperent and personnel or constant monitor. ie
erg Of cardiac arnhyile a an boo pressure are available 6  ..

Following inectionof0 BREIYLOL there may be a delay or 20) minutes to?2
hiours 0n the ~05of0 amtirrhissuric Action. although It appears to act within
mintms in ventorrculat tibrillatin Thre delay in eftect appears to be longer
a"te intramruscular tMan &ae Intraneou ,Irn1 rf

Co inrAuIOIaribOShrilato re no contrandicarrons to use in treatmntot*. %
01 ietcuan rbilitier r dO~rreatening refractory nontriculat arirryrhinris *r

in poturalPHYSICIANS
es v~ o r e rome dgeeofysypoerain ocs upreeticbtWN E

Patients sheUld be kept in the Supinre psition until toleranrce In h
ably but nay be present atter several days -

Hypotertoon orth Supine systolic pressure greater than 75 mm Hg need
niot be treated unless there are associated symptoms it supine systoc P
pressure tails below 7b mma Hog an intusion 01 dopamine or norepiephrine
reay be used to raise blood pressure When catecholammes zire adams. . .*
Weed. a diute Solution should be employed and blood pressure rrtunfored '.
ClDoseybcuse the pressor effects ofthOe catecbolamioes are enhanced by .
BRIETYLOL Volunre expansion wrth blood or plasma and corrcton 0f dehy.
dration should be carried out where appropriate

Trusted Iypertaeelon arad Alwetuted Freeqececy ol Aettyl~mlas: DueB S I E S
to the inial release 0f noreymnelrine front adrreregic postilanglionic, nerve
terminals by BREIYLOL, traonmint hypertension or increased trequency 0f
premature oentnicuiar contractions and other arrhyrhimas may occur in some B S N S
&. Caelfe. Oewing the wih Digitalis Glieude: The initial release of nor.* u u u m u u u m m U
eprmseplinne caused by OTYIO[ my aggravate digitalis toxicity When a * l ~ l l f f ~ l * * *
Irtle-thirealerAlg cardiac anrythiesa occurs in digitalized patent. BRETYLOI.u u uu u u ' L
Shiould be u s it the etiology of the arrtrytmia does nor appear to beO PR TNI E
ddiais toxicity and other antrarrtrythmic drugs are not effective Simultane-
ous indiatkr ot therapy with digitalis glycosides anid BOE tYLOL (bretylium
tosyilel shrould be anvoldedl
4. Patients uf Fined Cainlfe Osld: In parients witb tixed cardiac ootput
Is e nesre aorticsteiosor senere puloronary hyperlensionl AETYLOL -5
should be avoided oince severe bypotension may result from a rai in periph.
eral resistance without a Compensatory increase in Cardiac output It survival
is threatened by the arthyrhenia. EIRMTLPI may be used but vassoconstsictioe

c ate nolmnes shold be given promptly it sevee bypotension occurs
USE IN PREGMAutY -The Salary at BRETLOL in human pregnancy has not a..
been established Hloever as the drug is intended for use only in lite- -Z..N xisir,
threatening Situations it may be used in pregnant women when its benetits IfTyou wanthto find af~ new job ..
outweirgt the potential risk to the fetanusn
USE N CHILDRNU-The saftey and noi~cacy ot this drug in chrildren hane not s
been established ORETYLOI has been administered to a limited nomber or r h r a new departm ent die t r .. n . ,
pediatec Patents but such use has been inadequate to defrine tulip proper re r itisss"
dosage and limitations tIe use ora4i
PNIAgcw Nou g-t itelhese alese eseeseese Ume: Oct tYLOL should beo e r i resident . .
diluted lone part BRETYL.Oi with tour parts or Dextrose, Injection lISP orft f
Sodium Cylode "niection PSPI prinr to intranenuS use Rapid intravenous or s af an r- IE ..

adinsrton mAy "ise severe nausea and nionrItrg therefore the ditoted .J
solution Should be intused oner a Period greater than 8 minutes In treating A n l l c m nexistingnventricuilar fibrillation ORMtLOL should be given as rapidly as Dos A n l l c m n

sbea beginen without ditution
2. Une :oeee ss ithes tee hbsee tseI~aee When inrea ntramus-g t e s g
cularly not mere than 5 ml! should be green in a site anrd"'iecton Sites ge s your m essages

oldbe varied Since repeated intramuscular ipctoo, ino the same site th f th u a d
niay cUse atroplip and secrosis or muscle tissue fibrosit vascular degen into the iands o h u a d i. xsenton and in atory changes
3 Red. Oeage in' ifaee efusel F6 C bunce ORE TYLOL is exreted
pn icipairty namhe kidney the dosage internal should be increased in patents of em ergency physicians.-
se;m ipaired renal function

WRgEf*ACTMOS Hyplotension and postural hyporension bane been the
most frerquently reported adverse reactions (see Warnings sechoni Nausea ~
and "Cniting occurred I abost threet percent or patients Drnmanly whetrn
ORE T"0PLwas adimnisered rapidly by the intraenous route (see Piescau-
ions Whcton) Vertigo dizziness light headedness and syncope which
Sombetimres Accoanied postural hypotension were reported in about I1A
parients in0t00

Seadyicardua increased Frertuency ot premature neotriutar contractions;'
transitory hypertension inital increase in arrbytbreias (see Warnings Sec . 1
nowi precipitation ot anginal attacks and sensation oft subasternal pressure . ~
hase also been reported in a small number ot prarents, i e approximatelyt

Renial itysuncti diarrhea Abdominal pains iccups, erythematous mat-P AE MNc
ular rash tlushing hyperthreima contusion paranid psychosis emlolonalP L C MNabiitv, lethargy generalized tenderness anxiety shortness ot breath fil
priress5 nasal Sluirness and mild cojniccinvitis base been reported in about 0
Ipatent in 1000 the relationship at ORE TYLOL administration to bhesew* e

reactions ban not been Clearty established i'
NOW OUSIEtD NbC 0094 0012 t0 tO ml amour containing 500 mg bre-
ryrum tosytate in Wate for Infection USP ofy adrusted when necessary,
with dilute bodrfchiori ACd or Sodium hydronide"Sternl non-pyrogenic C o e sxhNrame rerer to comiplete prescrbilng ofomation prior lo use
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SPECIAL CONTRIBUTION
brain ischemia; deferoxamine; iron;
lipid peroxidation: oxygen radicals: resuscitation *,..

*,,. ,

Role of Iron Ions in the Genesis of
Reperfusion Injury Following Successful
Cardiopulmonary Resuscitation: Preliminary
Data and a Biochemical Hypothesis

Presented is a rationale for use of a new class of drugs, the iron chelating Charles F Babbs MD PhD
agents, in advanced cardiac life support (ACLS) to prevent late deaths and West Lafayette Indiana
brain damage following successful cardiopulmonary resuscitation. The rele-
vant biochemical hypothesis states that free iron ions, liberated from bound From the Biomedical Engineering Center %
intracellular stores during ischemia, catalyze initiation of free radical medi- Purdue University West Lafayette Indiana %
ated reactions that propagate through membrane lipids and proteins. Pro- W. A"
gressive ultrastructural damage may result, ultimately causing deterioration ,Presented at the 1985 UAEM IRIEM %
of function and death. Chelation of intracellular iron by deferoxamine, a Research Symposium in Griando F orida
commercially available drug that distributes to the intracellulai space and February 7-8 1985
has a great affinity for iron ions, may prevent such reactions. A hypothesis
concerning relevant pathological chemistry is developed in detail. [Babbs This research was supported in part by
CF: Role of iron in the genesis of reperfusion injury following successful Grant HL-29398 from the National Heart %

" cardiopulmonary resuscitation: Preliminary data and a biochemical hy- Lung. and Blood Institute US Pubhccariopulmo.naryeresusc : P- Health Service Dr Bahos was sie)ned .*.pothesis. Ann Emerg Med August 1985;14.777-783.1 by Research Career Developmernit Award

HL-00587 National Heart Lunq and
Introduction Blood Institute US Purhic Heart, Srv,(eDuring the past few years, evidence for a remarkable concept about the ',
pathophysiology of cardiac arrest and resuscitation has begun to accumulate; Address toi reprints Ctiares F Baht,,
namely, that significant tissue damage resulting from cardiac arrest and re- MD. PhD Biomedica; Lnqr ieering Cen,..
suscitation occurs not only during the period of circulatory arrest, but also Potter ButilJnq Pur f Unrversl Wn'(t' %'
during the period of reperfusion - ie, during the first hours after successful Lafayette Indiana 47907 %
CPR and restoration of spontaneous circulation.i.2 Indeed, a relatively large
proportion of the total injury seen after 5- to 15-minute periods of circulatory
arrest may actually develop during the reperfusion phase.

Several factors now are thought to contribute to continuing tissue injury
after reperfusion. These include the no-reflow phenomenon of Ames, I in
which cerebral vascular resistance rises during reperfusion after ischemlc-
anoxia, thereby selectively decreasing perfusion to areas of the brain; con- I %
tinued calcium influx through cell membranes damaged during ischerlic-
anoxia, leading to intracellular calcium intoxication during repcrfusion In
brain and heart; 4 1, and production of oxidative free radicals causing pro-
gressivc lipid peroxidation in cell membrane systems, leading to cellular dys-
function, especially in the lipid-rich brain.1,2 '.

If irreversible damage to the brain and other organs by such mechanisms
does occur during the period of reperfusion, rather than during the period of ,,,.
ischemia-anoxia, then the corresponding pathophysiologic entity, repcrfusion S.
injury may be treatable as part of advanced cardiac life support lACLS) pro-
tocols. Clinical studies have shown that significant central nervous system
damage is involved in as many as 59% of inhospital deaths following suc- 0
cessful cardiac resuscitation." Severe cardiac dysfunction is reported in 31'%,
of resuscitated patients.") To the extent that such damage is generated dur- %
ing the reperfusion period, it is, in principle, preventable by appropriate treat-
ment, either as part of ACLS protocols or as part of postresuscitation inten-
sive care.

Very recently, two independent, preliminary experiments in our laboratory
have shown a doubling of the probability of long-term survival of intact ani-
mals given the iron chelator dcteroxamine (50 mg/kg after six to tel rain-
utes of total circulatory arrest and CPR lTablc).1 .12 In these preliminary
studies, ctrdiac arrest was induced by injection of cold 1% KCI into the left
ventricles : ketamine-anestbetized rats pretrcated with succinylcholinc and
14 8 Augus' 1985 Annals of Emergency Medicine 777
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IRON & REPERFUSION INJURY
Babbs

Fig. 1. Hylpothetical biochemical path -
wavs for generation of hvdlroxvl (Ho')
radicals during reperfuso Sifl lowinlg
cardiac arrest, il/N trating thre crucial 0
role of iron (Fe). Elinmation ot super- LI.V4

oxide radicals by thre action of super- V

oxide disrnutase (SODl) and catalaseNA HX nh e
(cat) normallyv predominates. When
0 ' radicals are produced in ahun-
Clauice during repertusion, some are
shunted via the iron-dependent path- NAD MUll Uric Acid
way (I-aber- Weiss reaction), generat-
in,, more of the chemically damaging
hyderoxvl radicals. The dot associated

with the Fe + + s 'ymbol emphasizes
iradical-like nature. ~-D Glucose NADPH

%~
positive pressure ventilation. Ventila--
tion was discontinued at the initiation D-Gluconote NADP+%
ot cardiac arrest. CPR was begun after%
seven minutes, and animals having r,-
turn of spontaneous circulation were T rentered into the study Drug treatment SOD Cat
was given to animals in the experi- H ?H O +O02mental group, and included was the 2 20
iron chelator deferoxamine (50 mg/kg
IVI, iniected within five minutes after
cardiac resuscitation. 

07in survival ot deteroxam ine- treatedrats compared to control rats (1
.(X)S) After Ii days, there was no de-
tectable neurologic deficit among sur- F+ +F+
vivoirs in either the control or the%
treated group. lDeteroxaminc thus dou-
bled the prohahili ty of long-tierm,
neurologically intact survival- Since
the development ot modern CPR O
methods in the 1960%, the only inter-
Ventions shown to produce compara-
ble: imprevemntt in long-termn stir-H+
vival in any animial model or in man 1
haive been the use ot adrenegi drugs, - ___________________________________

such as epinephrine, IIII and the use
it early electrical detibrillation in

cases (it ventricular tibirillation., TABLE. ft'in dai, ',,ri-,usul in rat%~ ollmvinv experinicnial
Hca ii sc deten ixaincn is adtin in cujrdi rr-Npiratort airl wid Cl ( %I'

istered after return ot spontaneous cir,-______________________________
cu lation, the results are consistent%
with the hypothesis, that a su~bstantial ke'4)or'd Control -s Treated%
Amount of prevenitable tissue damage Al1h(1 28 (6 20 .)
leading to death is occurring in col %'. - 1t9' 7( 8 o
trol animials during the repertUSion1
phase. These encouraging results led %
us to fo rm ulate a det a Cie b1iC he niC[ Id
hypothesis ito describe potential iron-
medCiate lipid penix ida tion and re - erat or~e in suippo rt it the hvpi thisI it) the abun11d.an1c (it redLucing equix- A Is
lated reactions in vivo during tissue Acii such as NAI )i 1H, the action ot
ischemia and subsequent repertusion. Biochemical Hypothesis \j iii hi n c o\I asC .1ai1d N Al)PH -
P'resented is the specific mnechanism The getieral ltaltlte (It Mills rkn \.ol Lti icho itil I'-t;( redIUctas, the sud-
of this working hypothesis ot iron-me hVIpothesis arl- as tolhiws 1 IS11rIpeiiiX dellIt'. rL-aeil tick- (it moilcular oxv,-%
diated tissue i niurv during replert ii R NId A raias d). re p1ri doted inI cX LgLen Anld oict eactois, 21 during the
sim, and review evidence fr om the lit - CC'.' duiring fl,. repertosioin phase dueI pe1 I d ll1nrcdIai lx1' Alter repecrtusiiin,
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Fig. 2. In the presence of double
bonils in lat tv aul chains, in!Ltresting
vcLJizat ion reacti ons (eg. A) an(]

cross- briciging reactions (eg. B) are

C C C- =C -~ C C' -C
iron-catalyzed Haher-Weiss reac-

0-.0--0 tion: S i

0,- + Fe. - 0, + Fe'
2 H. 2 0- + 2H + H-,0, + 02

___ ___ ___ ___ ___ __2A__ _H__, + _Fe +- + H, 1  H-'H +

Ferritin, cytochromes in mitochon-
dria, and other iron-containing
enzymes provide intracellular stores
ot iron that may liberate sufficient %

c C C free ionic iron for catalysis. Moreover,%
/ / in newly reperfused tissues, there is a

0-0-0. c = -C c--a--a--- relative abundance of H + ions, due to
/ lactic acidosis and hypercarbia (Figure

c c c C I). The Haber-Weiss reaction is partic-
ularly interesting, given the protective

C C C C effect that we found following ische-

2B mia and reperfusion of the iron
__________________________________________________ chelator deferoxamine.%

Propagation
superoxide dismutase, together with senited here by the symbol - . If a radi- The next step in the proposed path-

N; catalase and other systems that nor- cal reacts with a nonradical molecule, ogenic mechanism for reperfusion in-
mally destroy superoxide ions, are then another free radical must be pro- jury is the attack on intracellular%
overwhelmed; the concentration of duced. This characteristic enables free proteins and lipids by the HO'

% superoxide radicals rises sharply, and radicals to participate in chain reac- radicals. The highly reactive hydroxyl
some are converted to highly delete- tions that may be tens to thousands of radicals can attack membranes of di-
rious hydroxyl radicals (H0) by iron- events long.[,]" verse organelles. Reactions with water
catalyzed reactions; .31 hydroxyl radi- In postischernic tissues, in which itself do not consume HO' because
cals attack protein and lipid compo- reducing equivalents have accumulat- the Ho0 species is regenerated:
flents of the cell, causing widespread ed during ischemia and in which oxy-
chain reactions that alter molecular gen beoe+bnatdrn eef- H HOH -HOK + *OH
architecture; and 4' in somec cases, sion, superoxide radicals may form as Hydroxyl radicals can modify proteins
these reactions may result in libera- tollows, in the presence of reduced fla- And other organic molecules in several
tion of more free iron ions from ter- voprotein, catalyzed by the enzymec ways. For example, the encounter of
ritin moilectiles as well as damage to NAI)PH-cvtochronie P-45t) reduIc- HO* radicals with the hydrophobic
lysosomial membranes, leading to ac- taise: I" N port ions (it membrane lipids (es-
celeration ot the process. 20 NA)H AI) H pecially at sites of double bonds)2 

I

We urisetht heltin t itr-1 2 0) , may generate lipid radicals:%
ccl hilar tree iron by deteroxam inc
blocks steps 2 through 4 in this sc- Another source ot 0 radicals in HO' LH - HOH + L
LILueCeI, leading to reduced tissue postischcmi1c tissue is'the action (i1 Once formed, these lipid radicals can
damage during reperftusioti. The spe- xanthine uixidase on xanithi, which propagate through the membrane in
citic steps of this proposed pathiaog- accum ulates during ischem ia. The what one might imiagine is a wave-
ical chemistry airc presen1ted to order sudden flush iif Oxygen during reperfu- lk ahoto alt alo da
to show how iron-depeodeoC1t chain re- sion, especially it 0, therapy is given, cent lipid molecules in the ncm -
.ctions, inovol vinrg c imiri nioint ra- drives thes recineogneaea.ae

* cellular species, in ight lead to Pr - burst ot (),- radicals that eXCeedIS the
It gressi xc cellula r ii LitV v tIllow i tg capacity ot physiological detenise sys- L' LH -LH +L

initial lv successful reNLsCita1t1ii tenis, such as 'superoxide &i sill utase, 'Iein, in the Iresence of oxygen,
M Np to remove themi.

Initiation: Creation of Free On1ce, adcl aipear in LeXCes- 1_00'( and
Radical Species sive coloratioi the genecration ot L )(Y LH - L()H fL

Uree radicas Arc tin lCCUoIt's 1111.1 the very reattV 1iVe idmosl riddic.i lit)
coota.in amn unpaired Ilet n i rprc mnis OCcur byhe'111 sopeni oX de -drivc-n, ase I -pri pagat tog '(Itlencc tir I ipiL
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IRON & REPERFUSION INJURY'=
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Fig. 3. A conceptual model for the role
of iron in the pathogenesis of postre-
suscitation tissue injury. Increased
concentration of oxygen at beginning NAD(P)H + 02
of reperfusion reacts with accumulat- N H20 + 02
ed NADH, NADPH, and xanthine to
produce an abnormal peak in the pop- Xanthine + 02
ulation of superoxide ions, which TIME AFTER REPERFUSION
temporarily overwhelms normal path-
way (via SOD and catalase) for their -- -O
removal. Superoxide ions are convert- H++ H20
ed to hydroxyl radicals via iron-de-.,
pendent pathways. Normal mecha- '
nisms that scavenge free radicals are "F
overwhelmed bv the sudden burst of Fe -,

HO' radicals. 'The hydroxyl radicals
modify numerous biological com-
pounds via radical chain reactions. ,

peroxidation.
Many other variations of this theme p m

are possible; for example, carboxyla-
tion of membrane lipids may occur: 'OH Pool

HO* + LH-- HOH + L'
L' + CO,-- LCOO' .-ATR.-.,
LCOO" + HOH - LCOOH +
HO' 3.*-

or

L' + CO,- LCOO'
LCOO" + LH - LCOOH + L destructive to membranes may be es- ide ion formation versus degradation

pecially significant in the lipid-rich during reperfusion begins the se-
This reaction might be especially im- white matter of the brain. Because quence of pathological chemistry The
portant in reperfusion injury, because secondary radical species are formed sudden rise in production of superox- ' -
CO, is highly soluble in membrane as radical chain reactions propagate, ide ions overwhelms the available su-
lipids. CO, is relatively abundant in initiating species do not have to exist peroxide dismutasc and other defense
vivo, especially in hypoperfused in high concentrations to do substan- systems, permitting the conversion of
tissues. Either carboxylation or perox- tial damage over time. superoxide to more chemically dc-
idation would place a hydrophilic structive hydroxyl radicals. In the
group on interior alkyl chains of Termination presence of free intracellular iron, HO'
membrane fatty acids, causing them Various termination reactions lead radicals form at a much faster rate
to reorient toward the aqueous phase, to stable, nonradical products. These than without iron. Thus a pool of HO'
rending a defect in the membrane, include: radicals is formed that produces a
This lipid carboxylation may be de- L" 4 L' - L--L smoldering degradation of dixcrse cel- %
tectable experimentally by radio- LOO" + L" - L-O-O-L lular macromolecules. The deleterious
labeled i4CO, incorporation into fatty L" + HO" LOH process can accelerate in sonme tissues,
acids. for radical inIury to lysosomes re-

In the presence of double bonds in Reactions that involve collision of two leases hydrolytic enzymes and radical
fatty acid chains, interesting cycliza- radicals are much less likely to occur inlury to territin molecules releases
tion reactions are possible", (Figure than propagation reactions involving more tree irm
2AI, as are cross-bridging reactions radical and abundant, nonradical spe-

cFigure 2B. cies. In biological membranes, termi- Generation of ' Ions
Bv similar mechanisms, membrane- nation reactions also include reaction Superoxidc can be formed in a

bound enzymes also can be attacked, between lipid radicals and membrane number ot oxidation-reduction reac-
All of these reactions are likely to be constituents, such as alpha-toco- tlions in cells Almost all aerobic or-
damaging to cell membrane structure phcrol, cholesterol, and sulthydryl ganisms that have been studied havc
and function and, to the extent that groups of glutathione and proteins. 1  one or more superoxide dismutascs+:.'
they are common, will lead to pro- A summary ot this theoretical which appear to have evolved to pro-
gressive membrane dysfunction, loss model for the role ot iron in the patho- tect the mrganism troni tin totxic et-
of selective permeability, and degrada- genesis of postresuscitation tissue in- tets () X ,'gi"l 11nd super1xldell Super-" ,
tion ot membrane-bound enzyme ac- jury is shown (Figure 3V A temporary oxide and hvdri gcn proxilde arc
tivity. Such reactions that are highly imbalance in the kinetics ot superox- hrirmcd COltinuouslv by the clcctron
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Fig. 4, The Al)!' perferrYl radical.

HO, N NH trols. l" Moreover, studies in vitro just "--CH2 3completed by Thomas and coworkerssuggest that superoxide can directly

0 mediate the reductive release of iron
N from ferritin. .I

Crucial Role of Iron %
Although there are many possible

initiation mechanisms for free-radical- -

0 H 0 1mediated lipid peroxidation, virtually
all that have been proposed involve,- iron. There is general agreement that

R-*00- tissue homogenates from brain, liver,
and kidney readily undergo peroxida-

0 O H tion, and that iron, oxygen, and a re-
Q ducing agent such as NADPH are es-

sential ingredients for initiation of
lipid peroxidation in vitro."' 2I)2%Q,

2

The chemical mechanism most com-AD P P E R FERRY L I ON monly proposed for initiation of lipid
ADP PER ONperoxidation involves iron-catalyzed,

4 Harber-Weiss chemistry4, .2.,
2 - r 

"
.

.
r

Phosphates, which are ahundant in-
tracellularly, are important cxpeditors

transport chain,2,
1 but mitochondria NAI)H also accumulate during anox- of initiation reactions, as shown by

seem to be protected against normal ia. Another major source of superox- Tien and Aust, I. who found a four-
levels of these endogenously generated ide in postischemic tissues may be fold increase in in vitro lipid peroxida-
chemical species. partial reduction of oxygen by these tion catalyzed by either microsomes

Several oxidative enzymes, includ- reducing equivalents, or xanthine oxidasc with the addition
ing xanthine oxidase, are known to of ADP Moreover, the pH optimum
produce superoxide radical as a nor- Availability of Free for iron-phosphate-dependent lipid ,,.
mal product. 2 .25 Xanthine oxidase, Intracellular Iron peroxidation in vitro ranges from 7.0l-4
which generates, 0 . and H,0, during Iron is an important, normal con- to 7.5, . 5 a pH range likely to occur in
its conversion of xanthine to urate, stituent of the intracellular environ- postischemic tissues. On the other
often is used for in vitro peroxidation ment. It is an essential cofactor of hand, deferoxamine inhibits iron-cata-
studies as a convenient O; source. 24  many enzymes, including microsomal lyzed formation of hydroxyl radicals
There is evidence that xanthine de- cytochrome P450, dioxygenases, from superoxide, and the ferrioxamine ,

' hydrogenase is converted in vivo to pteridine-linked mono-oxygenases, complex lie, iron-deteroxamine) is
xanthine oxidase during ischcma, so xanthine dehydrogcnase, superoxide chemically inert in in vitro lipid per-
that at the onset of reperfusion, when dismutases, catalase, and perox- oxidation..i,'
oxygen is reintroduced into the tissue, idase. 2 The major stores of intra- The only real controversy in the
xanthine oxidase activity is especially cellular iron are found within the pro- biochemical literature on this subject
high. tein ferritin, a hollow, spheroidal shell concerns whether hydroxyl radicals

Hypoxanthine, as well as xanthine, (molecular weight, 440,000) capable of are absolutely necessary intermedi-
can serve as an oxidizable purine sub- holding 0 to 4,50W Fe atoms per mole- aries in the initiation ot lipid perox-
strate tor xanthine oxidase. Inter- cule. Ferritin has six "windows" for idation. Aust et all and Sugioka et
estingly hypoxanthine concentrations exchange of Fe ions,2,i and is present al " have studied two in vitro systems
in the cat brain increase substantially in virtually all mammalian cells, that did not contain phosphate buffer '- '
during prolonged ischemi." The ac- Sirivech Ct al J1974) have shown in which they were unable to demon-
ton ot an augmented xanthinc ox- that the most rapid release of iron strate evidence for participation of
idase pool on such an increased from ferritin is observed under anacro- HO' radicals in lipid peroxidation. Un-
amount ol hypoxanthine during reper- bic conditions. ." This free iron may der these circumstances, they have .4.
tusion may give rise to enhanced pro- accumulate during ischenia, setting proposed that initiation of lipid perox-
luction ot superoxide radicals. More- the stage for reperfusion injury. The idation is mediated by the 'AI)P-per-
over, because the overall equation for very recent work (of Nayini ct al has ferryl ion," which abstracts hydrogen
oxidative phosphorylation is demonstrated a three-fold increase in directly from polyunsaturated fatty

non -protein-bound "low molecular acids without the intermediate par- --%
NAl)H * - * 3A1)1' 3 Pr 1 weight chelate iron" to 0.4 i.M/g in ticipation of water or H() (Figure 4). -

" ( -), NAI + 41-1,0 + 3ATP" brain tissue of dogs two hours after re- Sugioka and coworkers did find evi-
suscitation from 1 minutes of cardiac denUce t H(Y) gcneration when the in,

reducing equivalents NAl)PH and arrest, compared to nonischenli con- vitro reaction was run in phosphate
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IRON & REPERFUSION INJURY
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buffer, and the amount of HO* experiments. The biichemnical by- literature and synthesis tort uturc studies.
detected was proportional to the pothesis presented here accounts for (>it Cr:e~ A1-, 198.3,11,202-207

amount of phosphate over the range of damage occurring after reperfUSion 6 Ikihhs CF Imiproved mecthods itt rcsus- *
0 to 1,50 MM. 17 Because of the high rather than during ischemnia, and it ex- citatioin trom sudden cardiac decath
concentration of intracellular phos- plains why such damage does not nec- research iippirtunItICSfo nit crgcyL phy-
phates (about 50 mM), Haber-Weiss essarily occur at other times. It also s11ic 1 anM triiu C AI,n lilt 'Atrve,
chemistry seems more likely in vivo. explains why a single holus dose of 198 2; (01. lO (X.
The Fenton and ADP-perferryl ion iron chelator at the beginning of reper- 7. BUIkIcy Ci: The role it iixvgen tree
mechanisms are not mutually ex- fusion might be protective by block- radlicals Ii humian disease pnicesscs. 'Aar
elusive and may, in fact, operate to- ing the iron-dependent reactions dur- ge'rv 198,1,94:40(7-411 . r%.

gether. Both depend on iron. ing the time of the transient peak in S. Neic(ird 1W: The superoxidec tree radi-
Superoxide concentration. The nature cal, its biochemistry and pathophysiology.

Structural Damage by Radical of the reactions described is consistent .Siirgi-rv 1982 t ;94V412--H4.
Chain Reactions with the gradual, progressive decline 9- 'ycrhur RI, Conde CA, Mayorga-

There is considerable evidence that after initially Successful resuscitation Cor tes A, ci a]I Clinical, el'ct to-
ischemic membrane injury in liver that was observed in our animal mnod- physiologic and hem21odynarnic priifile
and myocardium is associated with els and that has been pointed out by (it patients resuscitated from prchospital
degradation of membrane phospho- White. 2  cardiac arrcst. Amn I Cardiol 19801;68:
lipids, 4 including those of the The hypothesis also Suggests several $5~

lysosomal and mitoichondrial mem- interesting experiments, such as the 10. Liherthsim R, Nagcl E, Hirschmann 1:
brancs. Such damage would result in detection (if lipid carboxylation in ('rehospi ta vent ricL ar defibiri Ilatiiin
accelerated deterioration of the cell. postischemic brain by incorporation P'rogniosis and tollitwup cOiirse. N FngI
The radical mechanisms described are of riidiolabeled carbon dioxide. Others Mcd,( 1974;291:,115.
fully capable of producing such mnem- include therapeutic trials in animal It. Badylak SF, Itahhs CF: Ettects tit car-
brane damage, as indicated by the models with the xanthine tixidase bon dioid, lidotlazinc, and dcteriix- P
classic example tif radiation -induced inhibitor allopurinol toi decrease for- aMInIC administered after cairditircspiratt-%P.
necrosis. The primary products of the mation oft superoxide radicals by ry arrest and CAIR in rats, abstract. Atnn .-

radiolysis tif water are the free radicals xanthinc iixidase, and tberapeutic tri- Fierg Me'd 198Ci, 14: S119.
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Hillered and Emster 24 have shown credibility to further precl inical re- 14. tti CW Yakaitis RW, Redding IS, ct
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oxygen radicals in vitro shoiw an inhi- iron checlators, which promise to and epinephrie Iii CP'R Crit Care' Med
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LANCE I(MEDICAL ANTISHOCK TROUSERS)

-CONTROL SHOCK..

~- The MAST* (Medical Anti-Shock
Trousers) can:

Controlor Revese Shoc

eProvide Rapid Autotransfusion '.
*Check Trauma
MAST' (developed by the David Clark
Company. Inc.) is the first, the original
Medical Anti-Shock Trouser:
e Fast ... Applied in 60 Seconds
MAST' is used in:
*Accidents, Trauma. Surgery.

In Patient and ICU

mast" M -A mast"' HI-AT mast R-AM e Emergency Rooms%%
FEATRES RANSAREN MODLARAlso available: the Tod-mast will fit a

:Automatic Reiief Valves FEATURES: Same as FEATURES: Same as toddler within the ages of two to four
-Removabie Air Chambers MAST'M-A and AM MAST* M-A years, and Pedi-rrast will fit children in

F *Feid Maintainabie PLUS: PLUS: a size range between 46'-58" in height.
- Faciiitates Examination *Easy Access to Femorali

Aiiows You To... Artery MAST* is the R~egistered Trademark of the 1^ 4F.

IL *~~~Observe the Injury ~§irh l r OPN
.Monitor Skin Condition

-Easy Access to Femorali l rk OPN

Patent No 393315,0 360 FrnlnSreWorcester, MA 01604
National Stock No 65t5.01 076-4713 (617) 756-6216 Telex 920482%

cause of emergency pain...-4

NUBAIN SI
1nailuphine HCIU L

Safe, potent analgesia.
'I. NLIBAIN provides all the analgesic efficacy of morphine, plus:

Ui Documented ceiling effect in dose-related respiratory depression'
I Superior hemodynamic profile2

. I Lower incidence of nausea, vomiting, and psychotomimetic effects
%. I Non-scheduled

And NUBAIN provides up to six hours of pain relief with every dose,
V reducing the need for repeated injections. So whatever the cause of

emergency pain, it makes sense to rely on NUBAIN. Now available in
20 mg/mI ampul, vial, and syringe as well as 10 mg/ml ampul and vial.
For Itirthttt ittrnation concvrnirng corttraindicatiol.,s
side(l't~. itip~itiioS please see fltlou 'tog paye.

NUIBAIN is available exclusively from Du Pont,
%1 ~1985, Du Pont Pharmaceuticals, Inc.%

Myocardlal- Infarctlon Du Pont Pharmaceuticals, Inc.
I%
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How well are you communicating
with your PATIENTS?

Patient compliance-how well patients follow in-
structions about taking prescription drugs-is some-
thing that worries health professionals, according to ~.%
a recent Hamrs survey. And with good reason. A%
number of studies have shown that a third to a half %
of all drugs are taken improperly. Yet a Chilton sur-
vey found that only 2 to 4 percent of patients ques-
tion their doctors about drugs prescribed for them. 3

It's up to health-care providers to open up the
dialogue about prescription drugs. When you write, . r

dispense or check on a prescription, make sure your
patient knows:

. The name of the drug
No Its purpose-what conditions does it treat? .4)

* How and when to take the drug-and when to
stop taking it

* What food, drinks and other drugs to avoid
while taking it

No What side effects may result-are they serious,
* short-term, long-term, etc.?

* *~ A message from thze Food and Drug Administration.*s

Whatever the cause of emergency pain...

NUBAIN Lc
ndlbuphine HCI

Print Summary of Prescribing Informnation f<ioi.- IhiiePI.,,t NIIIIAIN' ilni H~n t 11 ,itld hie uwon e , Gastrointestinal (.tiitlit ii ly, .i , ii~i I, Respiration t r
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SPECIAL CONTRIBUTION

brain ischemia. brain resuscitation. calciumnI
antagonists. cardiopulmonary resuscitation thioipental

0.)

Ischemic Brain Protection

1)espitc' advaices III thet understanding of1 the pathophivsjodov of' cerebral Nicholas G Bircher LI MC UJSNH
i-schtria. nI single' brain resuscitation therapy, has vet Iet /hosvvn to be Bethesda. Maryland41
ccintalv suiperior to brain-oriented intensive care. 13a'SIC concept in cardio-
puliiionarv-ct'rebral resuscitation (C1PCR) tire discuissed, as aire two spe'cihic From the Anesthesia Departmnt Niviil
phacisesN of Cl'(:R. cerebral preservation and cerebral resliscitatioi. Ci'rtbrad Hospital and Department of
preservation is Initiated during cardiac arrest (it' p~rior to re',torat ion of spun- Anesthesiology Urnitorrr ed Services
tanreoL1s circudltionl /RO( SC andI incldes use o/ artiliCIal pierfusion techi- University at the Heaith SciencesW.nius oBethesda. Maryland anid the 'nqe and drugs toproduce' cerebral perfusion dluring this phase. C:erebral Resuscitation Rlesearch Center arid %j
resuscitation is brinn-orientedl therapy, initiated alter RO.SC, l'harmaeXolgic Department of Anesthesiology Critical
aigents currently under study, for cerebral remuscitation Include tihe barbitu- Care Medicine. University of Pittsburglh
rates. calcim antagonists. a~nd Iron chelators. Withi respect to de'fining Pittsburgh Pennsylvania
efficacy- of the phlaruiacolJic agt'nt.s. the concept of' therapeutic window i~s
Important. Although no agent has bt'en prove'n clinically se'veral appear to Presented at the 1985 UAEM IRIEM
be promhising. (Bircher NG: lIschernic brain protection. Ann Eriierg Med Au- Research Symposium in Orlando Florida %1 W?
gust 1985;14:784-78t8.1 February 7-8 t98S%

IntrodctionThe opinions expressed herein are those
It is important to review and update a few basic concepts of brain resusci- of the author and are not to be construed

tation. The first (If these is timing of therapy In the broad sense, protection as reflecting the views of the Navy
of the brain allows for a Successful resuscitation - ie, the patient goes home Department, or the Naval Service at large
neurologically intact. However, cerebral protection can be strictly defined as or oh the Department of Defense
therapy that is instituted prior to a hypoxic or ischemnic insult. It is impor-
tant toI avoid cerebral ischemnia by aggressive monitoring and intervention, Address for reprints Nicholas G Bircher.
and there are several anesthetic agents and techniques that can protect the LT, MC, USNR. Anesthesia Department
heart and brain if a period of ischemia or toltal circulatory arrest is antici- Comman Natioal spital aal Medical
patcd.i Commetesad Natiolaial Region.14K

The emergency physician, however, seldom has the opportunity to protect BehsaMrynd2t4Ot
the brain prior toI cardiac arrest. Hence we focus on the two subsequent
phases of cardiopulmonary-cerebral resuscitation (CPCRI: cerebral preserva-

*tioIn therapy instituted during cardiac arrest while attempting restoration of
spontaneous circulation (ROSC), or while trying to correct cerebral ischemnia
Or hypoxia of other etiologies; and cerebral resuscitation therapy institutcd

after ROSG .
Mechanisms of Cerebral Iscbemnic Injury

The mechanisms and degree of cerebral injury depend on the insult and its W
duration. Insults may be classified as ischemic, anoxic, hypoglycemnic, meta-
bolic, anemnic, traumatic, hemorrhagic, inflammatory, or cancerous.4 It is im-
poIrtant to both the investigator and the practitioner that comparisons (It
therapy between studies be made only when the insults arc similar. Each
type (If insult has a characteristic biochemistry and natural history either oir 1

both (it which may dictate appropriate therapy " lschemic insults may be7
coImplete leg, cardiac arrest) or incolmplete (shock, Cardiac arrest with CPR).
Mechanisms (If iniury may be classified into two broad categories, mnicro-
Vascular damage and derangement oif cellular function. Microvascular
damage results in the "no-reflow" phenomenon and cerebral hypopcirfusion
postischerma. Hypoxic damage to endothelial cells Initiates platelet aggrega-
tion and thrombus formation; releases histamine, ser(Itinin, proistaglandiiis,
kinins, and complement components; and allows interstitial edemia. All oIt
these further imipair oxygen delivery to the cell.1 , ALutoreglatiOn function In

% %



ISCHEMIC BRAIN PROTECTION
Bircher

~. %

cerebral vessels also is impaired. After time (the duration of tissue hypoxia chest CPR (OCCI'R. This technique
a transient hyperemia, cerebrovascular prior to arrest and after ROSC. Max- maintains nearly normal CBFI2 - 1 and
resistance rises rapidly and further im- imum cerebral blood flow (CBF1 improves cerebral outcome in ani-
pairs perfusionli achievable during CPR undergoes mals.')

At the cellular level, complete is- rapid, exponential decay as arrest time Although experimental evidence
chemia causes exhaustion of oxygen elapses prior to the initiation of strongly supports the superiority of
stores within 30 seconds, and of CPR. 2 , -' The first step in cerebral OCCPR over SCPR, 44 it remains un-
glucose and ATP stores within five preservation is the rapid institution of clear which patients will benefit from
minutes of onset. 6 Ion pumps and cel- standard CPR ISCPRI, which seems to OCCPR. We have suggested that any
lular metabolism then fail. Severe cel- preserve the brain, at least briefly, if patient who fails to respond to con- . %

lular damage is heralded by the efflux started soon after arrest. 2 7
,
2 The first ventional advanced cardiac life sup-

of potassium and the influx of cal- step in cerebral resuscitation is to re- port (ACLS) in the first ten minutes of
cium. Pathologists have long recog- start the heart. the resuscitation attempt may benefit
nized the significance of cytosolic cal- Standard CPR is preferable to com- from the additional cerebral and myo-
cium accumulation,' 2 which appears plete cardiac arrest, but cannot rclia- cardial perfusion provided by OCCPR p
to be mediated by failure of intra- bly preserve the heart and brain, as while attempts to restart the heart
cellular and membrane calcium was once thought.2),.- Typical CPR continue.- ' OCCPR and SCPR (both
homeostasis, as well as increased over- performance, moreover, often falls without epinephrinel have been corn-
all membrane permeability to cal- short of standard CPR as defined by pared and OCCPR improves cerebral %,
cium, independent of calcium slow the American Heart Association.". . 2 outcome in dogs. "' A study of SCPR
channels. Failure of intracellular reg- Although rate of compression and with epinephrine should be done, %
ulation of iron and superoxide ion ratio of compressions to ventilation however, because epinephrine is p -

(02 - ) also exacerbate damage. All of have little impact on blood flow, known to increase both cerebral and , -- --

the therapies discussed below are in- depth I and duration0
3 of compression myocardial flow during SCPR and

tended either to prevent the occur- are major determinants of blood flow. SVC-CPR.4('. 41 This issue should be
rence of these changes or to amelio- The recommended duration of com- resolved in the laboratory and by ran- % %
rate their effects once they have pression (50% of the compression/re- domized, prospective clinical trials, ,
occurred. laxation cycle)29 and adequate depth and OCCPR should be reevaluated for

Among the problems with both ex- of compression are important psycho- use during difficult resuscitations.
perimental and clinical trials in this motor skills that require greater em- %
area is defining the therapeutic win- phasis in CPR training. Cerebral Resuscitation
dow. Some insults are too mild for dif- Recent research into the mecha- Although several agents and tech-
ferences in therapy to be detected; nism of blood flow during CPR has niques have been suggested to offer
some are too severe to allow benefit. centered on the role of intrathoracic benefit in the postischemic period, we --

The therapeutic window is the range pressure?. Simultaneous ventilation- will focus on only the barbiturates
between these two extremes. Experi- compression CPR (SVC-CPR) has and the calcium antagonists. Consid- ., .
mentally the investigator can map out been reported to increase CBF when erable work has been done to suggest
the insults that are amenable to treat- compared to SCPR in dogs..16 ,

A1 Our that iron chelation may be an impor- " %
ment. The practitioner sees a spec- own studies show that when depth of tant new area. Lately, tremendous %
trum of patients and, currently, has no compression during experimental effort has gone into brain resuscita- .
good way to know where a particular SCPR is adjusted to produce optimal tion research, but demonstrable
case falls on this continuum. The flow, superimposition of simultaneous clinical benefit of any one agent re-
clinical investigator must try to ex- ventilation and compression does not mains elusive. . ,
clude from clinical trials those pa- increase arterial pressure or flow, and Bleyaert's initial report4- of benefit S
tients who are outside the therapeutic can decrease cerebral oxygenation. '1 from thiopental after global cerebral .
window because these patients, by Because optimal peak intrathoracic ischemia was both novel and prowoca-
definition, cause the results of the pressure during chest compression has tive. Several investigators had pre-
study to gravitate toward the null hy- not been determined and is impossible viously shown barbiturates to be pro- *

pothesis, that is, that the drug being to measure clinically, SVC-CPR Must tective when given prior to ische-
tested has no effect. Careful construe- still be considered an experimental inia, " ,4 and there was sufficient ....
tion of entry and exclusion criteria for technique, although vest-binder CPR evidence to support a clinical trial to -

clinical trials is essential. supplemented with correction of acid- investigate the eftects of thiopental
osis seems to offer good cerebral pres- after cardiac arrest in human beings.

Cerebral Preservation ervation over .30 minutes of CPR in Several other investigators, using a va- -
Although experimental methods to dogs 'k riety of models, tailed to demonstrate

improve artificial circulation during Another approach to improving CBF the benefit ot barbiturates given after ." \,.

cardiac arrest recently have been in- is interposed abdominal compression a period ot cerebral isehenl ia
vestigated,' I1 2-1 priority must still be CPR (IAC-CPR).1'I This technique of- Tbis led to substantial controversy,
given to restoration of spontaneous ters promise, but the published In - and eventually to reinvestigation of
circulation. Patient outcome is im- crease in (BF from I11 to l,(',, of the effects o thiopenrtal in a primate ,.., -- 1
proved by reducing insult time, which control may not be clinically signitt- model simiilar to Blevaert's tn ie .o
is the sum of arrest trime (total cir- Lant. ~ A more promising approach for same laboratory " ", " I
culatory arrestl; cardiopulmonary re- the patient In whom a prolonged re- The key d ittvecccs betwen "ccii
suscitation (CPRI time; and hypoxia sUscitaltlonl is appropriate is open- lBC'actt's study and the subsequent
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study by Gisvold were that Gisvold Nimodipine has been shown to be during the past ten years, yet no spe-
proceeded as follows: 1) he more close- beneficial in a dog model of total cir- ci tic agent has been ident ified tr
ly controlled arterial pressure immedi- culatory arrest trom temporary aortic clinical brain re:.uscitation. The best
atcly postischemia; 2) he conducted ligation, and in a model of global brain we have to titter is, good general in-
control experiments concurrently; 31 ischemia in primates.,," It doubled tensive care. One tit the Important
he used mechanical ventilation tor the postischemnic CBF, but had noi effect lessons to emerge trom the Brain Re- 4c
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SPECIAL CONTRIBUTION
CT scanning head trauma intracranial
hemorrhage intracranial pressure %

Advances in the Management of
Closed Head Injury

' :

The management of closed head inur as improved recentv Mortav Kevin 0 Lseiei. MD
rates for sevcre traumna are lower and oLconcs are more favorable. Ad- Julian T Hoff MD
vances are related to) inproved dfagnotic tool s.uch as comp'iterized to- Ann Arbor Michigan
nlographv scanning, aggres'lye supportive care, standardized evultition cri-
teria. and programn-oriented rehabilitation. Further progress depends on From the Section of Neurosurgery
,ophisticated triage, Including delivery of the patient to an experienc'd The University of Michigan Ann Arbor
head-inijury unit, as, well as successful manipulation of cellular and sub- Michigan
cellular proces eN to maintain brain homeosta.ss. Recent developments in
the pathoplwwo~lgy dhagnot., and treatment of closed head injurv are re- Presented at the 1985 UAEM IRIEM
viewed, and pronising research aventes are discussed. /Lillehei K(, Hoff IT. Research Symposium in Orlando Fionda
Advances in the management of clted heatd injir Ann Emterg Med August February 7-8 1985 ,
19& 14:7N9- 795, P-4

This work was supported in part by a
Introduction grant from the National Institutes of Health PIP

The management of closed head injury has improved during the past dec- (NS 177601-5)
ade. Mortality rates for severe trauma are lower and outcomes are often more Address for reprints Julian T Hoff. MD
favorable. Awareness of the consequences of mild head injury also is better. C-5083 Outpatient Building. University of
These advances have come because the pathophysiology of head injury is Michigan Hospitals, 1405 East Ann Street.
better understood, because diagnostic tools are more accurate, and because Ann Arbor, Michigan 48109
treatment options are more specific. Worldwide efforts to standardize diag-
nostic criteria, to grade severity of injuries, and to assess outcome real-
istically also have contributed to improved care for head injury patients.
Continued progress is primarily dependent on sophisticated triage and deliv-
cry of the patient to an experienced head-injury unit, as well as the use of -
rapid and accurate diagnostic tools. Further progress will result from more
precise surgery, from the manipulation of cellular and subcellular processes
to maintain brain honicostasis, from more reliable prediction of outcome,
and troim prigram-orientcd rehabilitation. ...

We review soime advances in the pathophysiology, diagnosis, and treatment J"
of closed head injury. *

Pathophysiology
The brain in an average human adult weighs about 1,200 g and requires

,oY5, of the total cardiac output. It functions almost entirely by oxidative
metabolism and consumes 25%, of the body's glucose, but it is unable to
store oxygen or glucose to any significant degree. The neuron, therefore, de- % .
pends on an uninternpted blood supply for oxygen and glucose. To maintain
this supply, the brain autorcgulates its own blood flow to assure a continuous
flow to brain tissue of about SO to 60 mL/min/l00 g. )eprivation of oxygen
results in a shift to anaerobic metabolism, increased lactic acid, tissue acid-
osis, and cerebral Vascular dilatation, all in an attempt to maintain homeo-
stasis. Disruption of the supply of oxygen or glucose to neurons, or altcra-
tions in) the ability of neurons to utilize these substrates, results in phys-
iologic dysfunction that may be reversible or irrcversiblc.)

Two types of forces act onl the brain at a time of impact: translational
forces and rotational forces. All head injuries arc a combination of these two _
forces; which force Is predominant depends oin the mode of injury. Brmlni
stnicturcs arc more susceptible tip rotational hirces, which can e devastating
and are a tlindailontal Cause of the classial "shearing" Injury. %

Focal brain Injury typically is caused by translational forces. An cxample
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Fig. 1. CT brain scan, non-contrast-en- or amnesia) without loss of con- unclear, but it may be related to re-

hanced. 45-year-ohl woman. (A) /i- sciousness. Next in severity is cere- lease of vasoactive materials from in-
tial scan, 1112 hours after injury. Pa- bral concussion associated with tran- jured brain tissue or injury to vaso-
tient was stuporous, agitated, no tocal sient, reversible neurological dysfunc- motor regions in the midbrain, Use
signs. (B) Scan 14 hours after initial tion and temporary loss of con- of osmotic diuretic agents such as
scan. Patient stuporous, agitated, sciousness (less than 24 hours). The mannitol may be detrimental to the
milt left hemiparesis, slightly dilated third category is diffuse cerebral inju- treatment of this type of brain swell-
right punil. A large hematoma has ry associated with prolonged loss of ing, because intravascular volume is
formed in the right middle fossa. consciousness (24 hours), usually re- increased by the drug and swelling
Prompt removal of the clot and inten- suiting in residual neurologic, psy- may be exaggerated.
sive care resulted in complete re- chologic, and personality deficits. Brain swelling that develops 24 to
coverv. Fourth, and most severe, is the dif- 48 hours (or morel after the injury is
Fig. 2. Radiographic stiuies, 67-year- fuse white matter shearing injury as- from cerebral edema. Posttraumatic
old man with headache, confusion, sociated with anatomical disruption edema is a combination of swelling in
trivial head injury three weeks past. of axons throughout both cerebral both the cellular (cytotoxic) and extra-
(ra heCTrainr sthan, coo s rast ~ - hemispheres. This shearing injury is cellular (vasogenic) compartments.
lanceT. A shift of the ventricular associated with high mortality and This is a result of physiologic dysfunc-

substantial residual neurologic mor- tion with impaired integrity of theter from left to right is evident, but
n s bidity It results from rotational forces blood brain barrier. No specific treat- %

ro Specific lera ion can be seen. (C) Ce- tedn ir
that are directed perpendicularly to me det is available for posttrauaticral T, The chronic iew, enrse .su /al the axis of the white matter and it re- brain ede ma.7

ais CT The chronic isudlense subdural
hernatomna accounting for the shift is suits in axonal transection. Despite
seen 'arrows). severe shearing injury, the brain may Diagnosis

appear grossly normal; but numerous The computerized tomographic
axonal transections can be seen mi- JCT) scanner has had great impact on
croscopically in white matter within the diagnosis and treatment of head

of a translational injury is cerebral two weeks of injury and, classically, trauma.8 0 Intracranial contusions,
contusion. This usually occurs at hemorrhage is present in the corpus hematomas, and structural brain
areas in direct contact with the irreg- callosum and cerebral peduncles. Wal- shifts can be identified reliably within
ular, inner surface of the calvarium, lerian degeneration subsequently oc- minutes, and may be studied repeat-
including the frontal poles, temporal curs, with fiber tract demyelinization cdly thereafter with little risk to the
poles, undersurface of the temporal extending throughout the cerebral patient. This enables the clinician to
lobes and, occasionally, the occipital hemispheres and into the brain stem. follow the evolution of the lesion pre-
poles.i Some degree of irreversible anatomic ciscly, and to assess its clinical rele-

Epidural hematoL,.as also are a re- disruption probably occurs in all rota- vance confidently. The capability to
suit of translational forces, and are as- tional injuries, and this may be the scan repeatedly has virtually climi-
sociated with an overlying skull frac- cause of persistent mild abnormalities nated the need for exploratory surgery
ture in 90% of cases. Approximately now recognized by detailed psycho- which was done in the past to identify
50"/,, to 60% of the time, epidural he- metric testing of patients with mild and remove intracranial hematomas.
matomas occur in the temporal re- concussions. Repeated insults with ac- The use of arteriography to identify
gion, where the fracture line crosses a cumulation of these injuries may ex- brain displacements and space-oc-
branch of the middle meningeal ar- plain the progressive nature of the cupying masses has declined similarly
tery. Unlike subdural hematomas, epi- "punch drunk" syndrome.- Thus the indications for and timing of
dural hematomas are primarily ar- Posttraumatic brain swelling is the surgery have changed, because the
terial in origin, but they may be single most frequent cause of death of size, location, and behavior of a specif-
venous. Venous epidural hematomas severely head-iniured patients who ic lesion, as well as its effect oin sur-
occur secondary to disruption ot a du- reach the hospital. Brain swelling rounding structures, can be followed
ral sinus or to prolonged venous ooz- compromises oxygenation and glucose with relative case. The type and tin-
mg from a fracture site. Epidural he- delivery to neurons, and may convert Ing of any surgical procedure then can
matomas are not usually associated reversible physiologic dysfunction bc highly specific. In short, the CT
with major underlying cerebral contu- into irreversible injury. Control of scanner has changed the management '* "
son and, it treated prior to secondary hrain swelling is important clinically, ot head injury dramatically. It, more
inlury trom mass effect, have an excel- because treatment can directly attect than any other diagnostic or treat- .55
lent prognoSis., outcome of patients with severe ino- nicnt tactor, probably accounts for the

Rotationai forces, unlike transla- ries., improved results. %
tional forces, usually cause more dif- Post traumatic brain swelling may CT scanning ot the head tollowing
fuse brain injury. Gcrinarelli recently be of the early- or late-onset variety trauma Is usually performed Initially I,
described a spectrum of diffuse rota- Early brain swelling is due to vascular without contrast enhancement, Bone
tional brain injuries, characterizing engorgement resulting trom impaired detail, intracranial hemorrha,c, brain
each by the degree of irreversible ana- autoregulation. It results in hypercmia shitts, ventricular size, and parcn-
tomical disruption of neurons.' The ("luxury perfusion"), despite depresscl ch ymal inatom y are readilv seen. %
least severe of these injuries is mild cortical electrical activity and oxygen lhus acute hcmCat vias can b e dntI - ._.
concussion, a temporary disturbance consumption. The cause of early brain tied rapIdlV, and thcsc data, together
of neurologic function lic, contusion swelling from vascular engorgement Is with the ciical statLus it the pattent,
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CLOSED HEAD INJURY
Lillehei & Hoff

Fig. 3. C7 brain scani. Bote Winidow
Sallie patient as in Figure 1. A basal
sktill fracture through the foramen
tna'gnt77 is SiOWI (arrow).

,r .

may be used to make intervention de- 
,

cisions (Figure 11. --

Contrast enhancement during CT
scanning is helpful after trauma if
nonenhanced scans fail to identify a
lesion. Older, isodense, liquefied intra-
cranial hematomas are particularly
difficult to see without radiopaque
enhancement. Occasionally double-
dose enhancement may reveal an oth-
erwise invisible lesion. Arteriography
is required if clinical suspicions for a
space-occupying mass are high and
CT images are nonspecific (Figure 2).

Computer manipulation of the ra-
diographic image permits accurate de-
lineation of skull fractures. The tech- 

A

nique is particularly useful for basilar
skull fractures, which may be seen in
greater detail with CT than with tra-
ditional plain skull films (Figure 3).
Consequently the use of plain films in ,-
the evaluation of head trauma is di- .-
minishing as the availability of CT in-
creases.

Advances in the diagnosis and man-
agement of head injury are not limited
to radiographic imaging. The severity
of injury and the prognosis may be
evaluated by serial analyses of soma-
tosensory evoked potentials (SSEPsl
and brain stem auditory evoked re-
sponses (BAERs). These tests of neural
function supplement clinical exam-
inatiins, and are most applicable to
patients with severe injury and major .. r.-

neurological deficits.
Intracranial pressure (ICI') monitor-

tig has become a standard tool in the period of amnesia, and have no focal patients who reach the hospital alive, •
management of severe head trauma. neurologic signs. Careful ncuropsy- about 25'%, have irreversible inlury.
When ICI' data, CT images, and the chological follow-up has shown that The remaining 75%, have some degree - -" ..'
clinical status of the patient are com- many of these patients have prolonged of reversible injury and may benetit
bined and are followed carefully, diag- cognitive and behavioral impair- from aggressive management. For cx-
nosis and treatment decisions become mcnts.4 Many also suffer from voca- ample, about 50'%, ot patients with se-

much~~~~~~ less emiia. lhuhC 
s

much less empirical. Although ICP is tional maladjustment, poor concentra- vcrc head injury suter trom Increased
a good predictor of long-term out- tion, headache, and dizziness for intracranial pressure, which can he ..
come,' ' I? ICP data alone often do not weeks or months after injury. Sophis- control led. Failure to control Icp is
correlate with specific lesions or pre- ticated psychologcal anti social test- the single most trequent cause ot
diet clinical course. ICP monitoring ing of patients with postconcusstm death in1 hospitalized patients with se-
does allow management decisions, in- syndrome now is routine in several vere head inury I
cluding the use of osmotic diuresis, head injury centers. Treatment (l the head-inured pa-
cerebrospinal fluid JCSF) drainage, and tent is based on the preventil n ol *c-

surgery, to be soundly based." 12 Treatment ondary insults to the brain. The pa
Interest in that large pool of pa- Apprxinmately 6(,0()( )patients with titnt has a pool ot reversibly injured -

ticnts with minor head injury has in- severe head Injury reach the hospital neurons that ae inI tenuouns circLln-
creased recently. These patients ulSU- alive each year. This represents onIl stances. Any compromise in oxvgena- -
ally have transient loss of con- halt ot those Injured; the other halt tie tion or bld low may tip this group
SCiousness After impact, have a brief beore receiving hospital care. Of the ot cells toward death Iht gi] ot
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suspected, ICP monitoring should be tablished in Great Britain. These
TABLE. Glasgow coma scale begun. The type of ICP monitor used banks provide a pool of control data

depends on the individual patient. against which new treatment prom-
Ideally, intraventricular catheters are cols may be compared. They also pro-

Eye Opening favored, both for reliability and for the vide a large pool of raw data for sys-
Spontaneous E 4 ability to drain CSF when necessary. tematic investigation of head injury.
To sp'ech 3 When a patient's ventricles are very GCS and GOS prediction Of out-

small and difficult to penetrate, a sub- come is based solely on early post-
To pain 2 arachnoid bolt is preferred. ICP should traumatic neurologic function, with-
Nil 1 be maintained at less than 20 mm Hg, out consideration of the mechanism

Best Motor Response primarily with the use of hyperven- of injury. Employing a multicenter
tilation and osmotic diureticsi1 study, Gennarelli recently examined

Obeys M 6 The role of nutrition in the severely this aspect of head Injury and divided
Localizes 5 head-injured patient remains contro- the mechanism of injury into the fol-
Withdraws 4 versial, but recent evidence suggests lowing seven categories:' 11 focal inju-

that early use of hyperalimentation ries with extradural hematomas andAbnormal flexion may promote cerebral edema." Nutri- surgery performed; 21 focal injuries
Extensor tional support is usually begun within with acute .subdural hematomas and

response 2 five to seven days following injury, surgery performed; 31 other focal Ic- .e

Ni 1 when some recovery of the blood sions with surgery performed; 4) other
Verbal Response brain barrier can be expected.P, focal lesions, no surgery; ;I diffuse in-

juries with coma of six to 24 hourS
Oriented V 5 Standardization duration; 6) diffuse injuries with coma
Confused Assessment of head injury sever- of greater than 24 hours duration and

conversation 4 ity and outcome has become stan- no decerebrate posturing; and 71 dif-
Inappropriate dardized with the use of the Glasgow fuse injuries with coma of greater
words 3 coma scale and the Glasgow outcome than 24 hours duration and decere-scales."9 ,2o The Glasgow coma scale brate posturing. In this study, the type "'

Incomprehensible (GCS) is a 13-point scale divided into of lesion was important to the ulti-
sounds 2 three categories of neurological re- mate outcome, independent of the

Nil 1 sponsiveness, and it has proved to be a GCS score. For example, patients hay-
Coma score (E . M V) - reliable means (if grading the severity ii, an acute subdural hematoma and

3 to 15 of head injury (Table). Initial scoring is a .CS score of 3 to ; had a mortality
done after admission, and then scoring of 74'",,; however, patients with a GCS
is repeated periodically. In the group of score ot 3 to S and diffuse injury and .
patients with a GCS score of 3 to 8, coma for six to 24 hours had a mor- P

treatment, therefore, is the prevention the prognosis at six months after inju- tality of only 30%. Thus Gennerelli
of the secondary insults that tip the ry is 48% mortality, 2'% vegetative, has shown that type of Injury directly
balance. 10'% severe disability, I7% moderate aftects prognosis in patients having Iwo".

lrotective therapy should begin in disability, and 23% good recovery.:  equivalent Glasgow coma scores.
the held. These patients often dem- For the individual patient in this The GCS and GOS also have been %
onstrate poor ventilation and may be group Teasdale and Jennett tound that useful in evaluating moderate (GCS %- ,p

hypotensive from associated injuries, advanced age, unreactive pupils, and 9-12) and mild IGCS 12-15) head intu-
Immediate controlled ventilation with decerebrat,_ postaring all are prcdic- ries. Rimel ct a122 2 demonstrated
support of oxygenation and circula- tor, ot poor outcone.-' that patients with moderate head iniu-
tion is crucial. When the patient The Glasgow outcome scale GU) ry arc older, arc of a lower sociocco-
reaches a hospital, an organized and is used to assess the neurologic out- noinic class, have a higher incidence
experienced trauma team is essential come of paients months to years after of alcohl abuse, and have had pre-
for assessment of the patient's neu- injury, with emphasis on the patient's ViOUS head trauma more often than
rologic status as well as for identiti- ability to function independently in patients with mild injury. Patients
cation of related injuries. If nntra- society. The scale is divided into five with minor head injury in Rimel's
cranial hypertension is suspected, categories: dead, vegetative, severely study showed an unusually high mci-
controlled hyperventilation and os- disabled, moderately disabled, and dence iif comnplaints, with persistent
motic diuretics are recoimmended dur- good recovery, hcadache 78",, and memory deficits
Ing evaluation. Early recognition of Use of the ccS and GUS provides a 59,, reported three months after In-
mtracranial lesions Isubdural, cpi- means to evaluate the effectiveness (it Jurv. One-third of those prevOusl v
lural, or intracerebral hematomas) current treatment regimiens and new cmployed were unable to return to
and prompt surgical decompression treatment regniens. These scales have work.-22 -
are vital. Whether or not a mass lesion permitted the creation oft head miJury
is present, the patient should be man- data banks. The two largest are the Future Treatments
aged in an intensive care unit ICUI MLticentcr Head Inury I)ata Bank ,n Fi practical goals of head IIurv"L,
that is expert in the care of head intu- the United States, funded by the Na- treatment have been, and will con
ries. tIonal Instittcs of eahlth, ind thL In- tonic to be, prcscrvaton ot brain

When intracranial hypertension is tcrnattinal Ilcad IIn trv I )ati Bank, C's- hImciIstass anl prevntion o ScCind"
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CLOSED HEAD INJURY
Lillehei & Hoff

ary injtury All therapy is directed to- trauma, including prIcumonra11 and Sep- coni1c WIll Contint-.
ward those cnds, including removal of sis.' 1 1 i

miass lesions, ventilation Support, con- Barbiturates reduce ICP because References
trol ot lCP seizuire prophylaxis, and thcy deprcss blood flow, mnctabolismi, 1 11110 1l, -rdL U\jiiiii'i
main11tcniancc of fluid, electrolyte, and and oxygen consuImption. Although j1 ,,,1 , id Vihkjj ph a.i I A D a% i,,
nutritional balance. Pruvcnition of scc- barbituratcs protect against regional 'm.sl 1) W1
ondary injury is the major focus of ischcmnia in ccrtain expcrrmcnrtal sit 2. r-r~p Ltr\-~ri cih

head traumia mnanagemient. This fol- uations, these com1pou~nds have not ii us III tIc ISciicmrcI hrn lci1 Citicl(
lows the hypothesis that the primiary proven to be effective cliicall y for "kipiv arlid p issihic r111(on hI IIii pro le-.V,
insult initiates processes that miay stroke or for traumna-induced ische- ti~ thcralw, Vi 9,52,6 64x? __97 . N

cause additional Injury. Pathophysio- ma 2  on the other hand, recent c 2 I
logical phenomena involved in corn- studies dir show that large doses ot rod1k diffllls braiin iurics, inI Coper PR
plex head Injury Include regional land barbiturate can controrl intracranial cjt -l Inti% Bltiror, Williamis
soimtimies global) isehemnia, hyprixia, hypertension that :s otherwise intrac- ,and Wilkins, iks2, fit s ;.91.
bermorrhage, bloorid brain barrier dis- table.>) The tise oif barbiturate comia 4, ii rith 8l I Ii lursc dcgerrerrariun of the
ruptiurn, edemia, CSF flow abc~rations, has not had an appreciable etfect onf ccychral %wite Iliattcr Iin seVCrcdrnientra .*

crconal and glial ICIdIOSIS, and many mourtal ity rates oir long-termn mrrr- tiliurwiIig her: d rrrnr. / Nerurol Neizrosar,
ofthers.2 I 2', bidit.1 Pvt hiatr i9*6 9 1611-55.

limprnrvenrts in the muortality rate Tris 1hydroxymethyll am nirmenth- . iltciIi':t-erlpni-
trnom severe head injIury may be at - ane: t rm ethiai ic THAM hsa Ies .1nd( pI~trhplivIoiogV O it d inIiry,
tributed to accurate and Standardized tracted interest as a treatmient option inI Yruiriras 1K jcd) Neuolioia .Siruyrv- -

Clinical exain ation1S, SC(tLuCritial CT tfor severe brain injury. It is proirsing I'lrildl aLI Wit S;aunlders, 1982, pp1
Studies, 1(1' mon itorinrg, an ii g- because it is, an excellent alkalinizing iK96-i93 '
gressivc itenisive care. Advancemients agent that is well tilera ted sys 6. Itruce I )A, Ahivi A, ifriarirok L, ci al:
in mo nitoring that may further reduce ternical ly. The rationmale for its use IS i Iitirse brain swe[llrig il IlowI, rig hecad in-

mo rtal it y inc I ide regiumnal cerebral based oin the tact that tissue lactic juries III chlrii Ieic TheNsndroic ofl ma-
blood floiw determinations arid the use acidosis, a C0llrCislUenee of iseheiC1a, I ignIrt hrI II edemal %cw .. V ijr, u 1981,-
lit slima toirs ry and brain stemn creates af ha3rnlfu I environment foir 4 I 171)-17S~

evorked respmmnses tor detect functioin- brain cells. Experimnirtal' aiials, 7. (ljria~rclh FiA, Spiclirari (;M, Larigiitt
Al decterriorat ion befirre it becormes THAM can Improve ote ' trim TW Ct 11, iIrtIncIt tite1 typeC tii rIItrTA
(21cliill irbIvirrus!. In thle future, clirsed head Injury."' HumIIan -Udies craiil Its Ilii Oni Ilurtltic fronti st-v-trt.-

high-resolutiori, rapid CT scanning With this drug have )Lust begun. 'ica.d injur. I -1si~ 9.N2,,6 26 Q2.
mnay enable ilpurat rye treatment tom be Interest in agents that reverse isehec- S. Tiruitirr SM KI itirhr MR, Marshall LIr
molre specific. Indications for surgery nita has been rekindled, becauseW tr.iu- ci Ar Ahserr (it clitress hAsri cisterns,
rmay change as lesions bccorrie better miatized brain is ischcmic to varying on trrs (,' Icarr (irririrons ptvdiitlt Ii

detiriedL an1atnimicall1y, and as their ef- degrees. C:alciumi eharinel-Iflllkinrg ilIrItClIIC III severe. liciuIl injury./ I -1r,
tects onf functrion are more clearly tin1- drugs such as nirrurdipinec may prev'ent uir, 1984;61,691 094. 1
derstrud. the isehemnic change that accomnpanies 9. Vail oirgei KI nr.r kinai R~(;~

The tI treSt for protective t lier:.py, cerebral vaslispasir, alter so~barachniid (;I: The prllgnir c %.iiiic' lIt tllItItlri.CidN.%

birth physiuological and phiariacir- hemnorrhage.1 1 C liniical studies diF1- tllrrrlgraphiv ti confirinse lirc'Idird pa-11ck I
luogical, conrt inues. I)uiring the past cate benefits in patients with ruptured tirerts. I Ncuruv rg 19,80,,9 951 959
twol decades, IUP ciotrorl has beeni the aneurysmIs, but hecad-injury patients in. Zririnertmai KRA,- ilai ik 11. .cli-
forcus of much basic antI clinical re- have not yet been treated system- ira reli TA. (iliipo red tlliiilraLpi lOt

Search. H -yperventi lation, hypother- at icallIy with this farini lv oif corn- shearing rir1ITIies otrlie Cceir111 I% iii i

iiima, rimlt nti diuresris, venitri culat Poiunds. iiaitrer. g1 , v'1 
i9g I P 1,7.9.1- W96

tfluid drainage, antd tifiely evaCuatrin Experimients with regiornal cerebral [I. M.r rsir ll L F It Iwers S A MIcdli car
lit space-iicc ipyrifig masses all have ischernia shoiw variable Success With ru1,rriagCt'rieri (it lrrtrJCrariiAI preCssureL. III
been helpful iii Minitaining ICP with- tirme1(thyl sLoltoxitLe (I )MIS0,1 nralox- Coolper PR ed): Head6 Jimmi Bltiiii.
in phyvsirolo gic ranges. Less research one, tliyrotropin-releasing horirione Wtlliarirs anil Wrilkinis, 1982, ppl 12) iW,
has been directed. torward the molre ITRH I, u antI filosrrl thle sorlvenit 12. Miller 11), Becker i1i1' WAid 11). ci aif
to mda inc rita I problItems that ricctir that increases rixyger-carryirig capaci- S igiriticarice (it ii ricrairii a lperit'IoI
withI brarin i nitry, Stich is parenechy- ty. These drugs have not Consistently ii eee ed1)ur.I'-i r
ma,1 Is i se hem a, hypria, and arcidorsis, altered otcomne fromu severe heatd Iii- 4: ttSj

all tit w 11hi art' Involvted In tilit Jury. Vascular volumec conrtroll is also IA . M,rlia iiL, tower11s 5A NIleic.r i
clinicail proinbIer ilt brain swelling, tinder investigationi In pint s With rImrri.rgt-iricirit ofI licad Intury. ( /ill \cm,.*

i l te early 1 9;lis, StCriods haIve ISCIhern a, btit benmetit haill it yet been 111 19S2.2) ;i 21
bee.n .91vein to patIeIlts 'With i head 11111.o- shown in heah-r ijuiry patirents,. I, It aij I I1 k k L'hC g A R. , oii , rieK Assesi rr
r\. vt neLItithr clinicail nor experimin- pears, unlikely that af Single drtug rir ii, tit iui, IIHAI t Ill", 1Iift~ti XII rIIes

tril t-vmdt-rmee has cierrstd to tistity tile Jill ysiligcal mnarimptlatitoll will have Ill a ttukt\ (I ollitlike triim sttle reid-
rirtint- - c tit these drug.Is Iil Inrman- much ettect o)il theit'ired brain, lit- itiln1rm / l-1 \usmu 1- 6i 15 262
aigenirn (It lit-ad tratiriia In taIct, c;rust: trauiria involves firriv pririiry I 1 let kcti \I iiii i1)ll. k 11)i, 1 .,1i
iriai.s1 linricrairs wiho treat lirad-inipurv And SeCLlrdt~tII, Conipiie aid rilit-tre- I lre olkic ottill k.\( 1c))- jo-ad 11i11
patients It-lit-vt- thalt Sterniids curItrili- litc-d events. No dubt thle kJuest lit w\ith (Ill\ Ail-lsi H1011idk i1teii 11,1
Lift-' tit ClriiipiieC.itiiim see I Iliciti itt,-r the right comi naiiitioni to iimprovte oti IIt ilIl I \, - tink. 9-~ 1' I lli
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Session 4: Tissue Resuscitation

T he portion of the UAEM/IRIEM Research Symposium on not a specific flow value, but is a summation of the effects of%

tissue resuscitation was primarily an extension of pre- residual flow values during ischemia; of the duration of ische-
vious concerns, rather than a foray into new organ systems mia; of the innate properties of individual tissues; of the
and their response to ischemia. The important (and neglected) timing, content, and degree of reperfusion flows; and of inter- .%
topics of red cell substitutes and spinal cord injury were intro- ventions that influence the processes set in motion by ische-
duced, and we were given a brief glimpse into the extensive mia and developed through reperfusion. The rules of the game
work and dedication of Dr Gould and Dr Anderson. The were revised once more for the clinicians in attendance.
presentations on mitochondria and iron continue earlier dis- The second concept brought into focus in the discussions
cussions. To note that discussions on lung and renal effects was the ascendancy of the free radical as the intracellular ,
were not part of the session is not to diminish the content or villain of resuscitative efforts. Turnover in this position is
quality of the presentations, but rather to emphasize the vast rapid. Most recently it was held by arachidonic acid, for its
scope of involvement emergency medicine must absorb when multiple, detrimental effects in platelet aggregation, smooth
viewing resuscitation as a central focus for research. A sum- muscle vasospasm, and membrane permeability. As pointed
mary statement of this last segment of the conference was out by Dr Anderson, concerns about the influence of
that there is a need for a sincere commitment by a number of postischemic free radical development have been around for
dedicated, intercommunicating scientists, supported with some time, but the combined presentation of Dr Anderson
time and money by their clinical compatriots in the specialty. and Dr White, as well as other participants in the conference,
This need extends beyond the field of resuscitation to the placed "free radicals" as a central item of concern. A free
many facets of medical research in which emergency medi- radical is a molecule with a single, unpaired electron which
cine may have an impact. There is awareness of the need, but may act as an oxidant or reductant. It is a by-product of a
realization of progress has been slow number of oxy-redox-related enzyme systems, and is elimi-

Two important concepts were brought into focus by the nated through a ubiquitous enzyme pathway. Free radicals can
discussions. First, reperfusion just "ain't what it used to be." initiate lipid peroxidation reactions that may result in lipid X%
Ischemic damage has been viewed as a "front-end" problem. In membrane loss, particularly in mitochondria. A transitional
brain tissue, for example, there was a flow threshold (of both metal catalyst, such as iron, is needed for the initiation of lipid
severity and duration) for reversible failure of neuronal func- peroxidation. Given the finding of increased intracellular lev-
tion and one for irreversible membrane failure. Reperfusion els of free iron during ischemia, the free radical hypothesis
brought one group of cells back and the others died. There was takes on an important role in explaining its potentially "
always a "zone of ischemia," where the ischemia penumbra damaging effects during and after ischemia. Free radicals also
reigned, and methods (eg, Sodi Polaris "salts") were touted to may he involved in xanthine oxidase activity and in direct 'N
improve the fate of these undecided cells. Still, reperfusion injury in other tissues.
was the key to salvation - that is, until the mid-1970s, when In the clinical correlation discussion, a number of projec-
Safar's hypothesis on the damaging effects of reperfusion tions for eventual applications of research were presented. Dr
prompted increased concern about what our efforts to im- Gould noted that polymerized, pyridoxalated hemoglobin is a
prove flow were doing. new development that may bring to fruition the extended .

The gap between time and severity of flow producing func- promise of an effective red cell substitute. Its possible role as .
tional impairment and morphologic damage has taken on new reperfusion fluid, and acknowledgment of the potential cel-
meaning with studies of the posthypoperfusion syndrome or lular hazards of the elevated free iron associated with a hemo-
reperfusion injury mechanisms. The presentations of Dr globin substitute, were discussed. It was recognized that, de-

"',. White and )r Fiskum support the concern that a little flow spite involvement in disaster management, prehospital care,
may be too much, and that "injury initiated during ischemia and timely crossmatch problems, emergency medicine had
matures during reperfusion." The level of re-established flow little involvement in developing red cell substitutes. Dr An-
initiating this maturation process and methods to block the derson's information on spinal cord injury could be applied
cascade of events set in motion by ischemia are now the directly to research on the early and optimal dosing of block- ,
concern of resuscitation research. Dr White's work on cal- ers of ischemic damage and reperfusion injury, such as meth-
cium and iron, "a tale of two ions," typifies the continued ylprcdnisolone, naloxone, diniethyl sulfoxide (DMS01, thy-
evolution of our understanding, as early successes give way to rotropin-releasing hormone, and indomcthacin. Dr White ,
nagging questions that underlie the complexity of the prob- emphasized the need to establish resuscitative methods that
lcm. In a summary of the past fivetoten yearsof resuscitation, provide maximum tissue perfusion; to avoid calcium use In
it was acknowledged that the threshold for cellular damage is resuscitation; and to develop clinical studies to support the
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use of iron chelators and other methods to limit reperfusion the specialty The heart, brain, and other "peripheral tissue"
injury by lipid peroxidation and other mechanisms. must be considered in solving the problems confronting the

The following political allegory is derived from this ex- organism, for organ isolation invites eventual death of the
tremely enlightening session. The heart, brain, and other entire system.
tissues have too long been viewed as separate entities in
resuscitation research. Basic science teaches the interdepen- Glenn C Hamilton, MD
dence of physiological and pathologic processes in maintain- Associate Professor of Emergency Medicine
ing or destroying the entire organism. As resuscitation re- and Internal Medicine
search must expand its perspective to view the whole, so must Wright State University School of Medicine
clinical and academic emergency medicine work to maintain Dayton, Ohio
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SPECIAL CONTRIBUTION
fluorocarbons; hemorrhagic shock
oxygen transport polyhemoglobin

Red Cell Substitutes: An Update

The two acellular oxygen carriers currently being evaluated as red cell sub- Steven A Gould. MD
tt1tesl tire hemoglobin solutions and fluorocarbon emulsions. We have Lakshman R Sehgal. PhD
shown that both products can maintain normal levels of oxygen consump- Arthur L Rosen. PhD

tio. C() producto, and circulatory dynamics in primates in the virtual Hansa L Sehga
Gerald S Moss. MD

absence of the red blood cell. Although each solution thus satisfies the most Chicago, Illinois
im~portant criteria for a red cell substitute, development continues with
hoth products. The clinical trials with the fluorocarbons have been discon-
tiued due to the lack of efficacy of Fluosol-DA - 20% in the setting of FReeseHospitaeand Medcatf SurgerYntChaeland

acute blood loss. Our current hemoglobin preparation is a polymerized, the University of Chicago. Pritzker School
pyridoxylated product that has a normal oxygen-carrying capacity Clinical of Medicine, Chicago, Illinois
testing must await further evaluation of the safety and efficacy of this prod-
uct. Alternative uses for both of these oxygen carriers continue to be ex- Presented at the 1985 UAEM!IRIEM
plored, and may eventually be the area of their greatest utility in the clinical Research Symposium in Orlando, Florida.
settin,,. [(;ould SA, Sehgal LR, Rosen AL, Sehgal HL, Moss GS: Red cell February 7-8. 1985 "1,
substitutes: An update. Ann Emerg Med August 1985;14:798-803.1

Supported in part by NIH Grant 5 RO1
RED CELL SUBSTITUTES HL30113-02

One of the exciting prospects for the future is the possibility of a safe and
effective red cell substitute. The primary indication for such a product would Address for reprints Steven A Gould. MD,
be the unavailability of blood. The most important properties of a suitable Department of Surgery, Michael Reese N
red cell substitute should be the ability to effectively transport 0, and CO2  Hospital and Medical Center, Lake Shore
and to support circulatory dynamics. In addition, the preparation should be Drive at 31st Street, Chicago, Illinois
nontoxic and temperature stable, have a long shelf storage time and a suit- 60616
able intravascular persistence, require no crossmatch before administration,
and be effective on room air.

*, The two principal products currently being evaluated are hemoglobin solu-
tions and fluorocarbon emulsions. We have shown that both products can
maintain normal levels of 02 consumption, CO , production, and circulatory
dynamics in primates in the virtual absence of the red blood cell. -3 Al- * %

though each solution therefore satisfies the most important criteria for a red
cell substitute, certain problems exist in both instances that must be re-
solved prior to their clinical application.

HEMOGLOBIN SOLUTIONS
Unmodified Hemoglobin

Hemoglobin solutions are currently prepared from outdated blood. An im-
portant advance in the preparation of the solution was described in 1967 by ,,
Rabiner.4 His technique of osmotic lysis, centrifugation, and filtration re-
suited in a stroma-free hemoglobin solution ISFH) with a [Hb} = 7 g/dL and
an oncotic pressure (COP) equal to that of plasma. Our current approach to Ile
the preparation of "membrane-free" or stroma-free hemoglobin solution in-
volves the gentle lysis of washed red cells with hypotonic phosphate buffer.
Subsequent separation of the red cell "ghosts" from the hemoglobin is carried
out by a series of filtration steps. The resultant hemoglobin solution is essen-

[ tially free of red cell membrane or stromal contaminants. The properties of
the final product are shown (Table 1).

The 0, content curve of the SFH is both anemic and leftward-shifted in
comparison to a 15 g/dL whole blood product (Figure 1). Although baboons
can survive a total exchange transfusion with this SFH solution to zero he-
matocrit with normal levels of 0, consumption, cardiac output, and arterio-
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Fig. 1. 0. content curves for whole The increase in 0, affinity state in ghobh.1,m  .

bloSHadF-A 0.tehroloi ouinIjP sr- Teedt Illsrt twpins

Fslated to the loss ( the organic ligand First, they conirm thconcept that
Fig. 2. Effect of a )eftward shift n the te2,-diphosphoglycfrate 2,-In)c, nor- rightward shfts nm the dissocatin
oxygen content curve. Curve A is -pItnnhi neo
the normal position. Curve B is shift- mally found within the red blood cell. curve result in an increased Pvo, as

Attempts to normalize P, by the ad- long as its other determinants remained leftward. Assuming no change in dition of 2,,3-I)P(; to the hemoglobin constant, as was the case in this studyA-VI)0 2, the result must be a decline solution itself were unsuccessful, for IFigure 2). This is physiologically im-
in the Pv02. the D)PG rapidly disappears from the portant, for it allows 1 0, unloading to -

circulation after infusion., Benesch et occur at a higher tissue P),. Second,
al,' Greenberg et al," and Sehgal et al although increased, the PvO, level

venous 02 content difference (A- have described a modification of the (near 25 torrl in the animals treated '
VI)02, a considerable decrease occurs hemoglobin molecule by the with pyridoxylated hemoglobin was
in the mixed venous oxygen tension addition of pyridoxal-phosphate. The still substantially lower than the nor-
(PvOj from roughly 50 to 20 torr.6  resulting compound, pyridoxylated mal value of 40 to 50 torr found in
The P50 2 is the tension at which oxy- hemoglobin (SFH-P) exhibits a P.0 control animals. Thus we began to *" ,
gen unloads from the hemoglobin considerably higher than the P,() of search for other means to normalize
molecule, and is in equilibrium with unmodified hemoglobin. This modifi- the PvO,. Because (Hbj and P-, were
the tissue PO2' Such a low N O, was a cation allowed us to examine the the only two factors influencing Pvo,
concern to us, and led us to attempt PvO, in animals exchange transfused that were changing, the remaining op-
to restore a more normal value, with pyridoxylated hemoglobin.'I( tion was to raise the hemoglobin con-

Eight baboons were the test ani- centration of the SFH.
Pyridoxylated Hemoglobin mals. Four received unmodified hemo- N -

(SFH-P) globin (I' - 12 torr), while four re- Polymerized Hemoglobin .-
The factors that lower PvO, include ceived pyridoxylated hemoglobin (1P,, One can easily prepare a hcmo-

a decrease in cardiac output, arterial - 22 torr). The exchange transfusion globin solution with a normal hemo-
saturation, hemoglobin mass, or P, was carried out until zero hematocrit globin concentration. Such a solution,
T affinity state), and an increase in was achieved. The hemoglobin con- however, has a colloid osmotic pres-

oxygen consumption. 2 In reviewing centration of both solutions was ap- sure in excess of 60 tort. The rela-
our baboon data we could eliminate proximately 7 g/dL. No important tionship between hemoglobin con-
changes in oxygen consumption, ar- changes were noted following ex- centration and oncotic pressure is
terial saturation, and cardiac output as change transfusion in either group in shown (Figure 3)1.1 At hemoglobin .e'.'-
possible explanations for the decline oxygen consumption, cardiac output, concentrations ot 7 g/dL, the oncotic
in PvO,. That left for further consid- or A-VI)O ,. Animals that underwent pressure is similar to that of plasma-- ,,

eration changes in hemoglobin mass exchange transfusion with SFH-P de- 20 torr. In contrast, at hemoglobin ,ev
and affinity state. We examined af- veloped significantly higher whole els of 1S g/dL, oncotic pressure in-
finity state changes first. The way in blood P.,, levels compared to those creases to greater than 6(1 torr. The in- 6
which a leftward shift in the content given unmodified hemoglobin (SFll ttision of such i solution Might
curve could produce a decrease in the when the hcmatocrit levels declined theoretically produce large flund shit,, .
tension at which oxygen unloading to 10%,. From this point onward, PvC), troin the cxtravascular to the iitra-
occurs - the PvC, - is shown (Fig- levels were significantly higher in the vascular ,pac , potcntially harniti -'.i ".
ure 21. animals given pyridoxylated heio- situaton ".""
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One approach to producing a non- hours for pyridoxylated hemoglobin. Fig. 3. Relation.ship betwee c-olloid
anemic hemoglobin solution with nor- o.%nlotle C,pressureo ((:()I,) and he'mo-
mal COP values is polymerization of Future ,giobmn conce'traimi (/111)/) for p'rid-
the hemoglobin molecule. The COP Although we are encouraged at the oxvIOIL'i strona-freeL hemloglobill
of any solution is proportional to the prospects ot this chemically modified (SHlI-lt).
number of colloidal particles in the polyhemioglohin solution serving its a Fi.4 ovnrztnreusinae
solution. If a l5-gldL solution of he- temporary red cell substitute, the is- Fg .Jovir~to eut i t
moglobin could he polymerized, the sue of toxicity is unresolved. There lL-It i olid(SltLpL'sr
result would be a reduction in the has always been concern over the pos- hemooin hl conctation~fl a tIltdl :%
number of molecules and thus the sible nephrotoxic effect of free hemo- heolbnoictrin /b/
COP, while no change would occur in globin. A review of the literature re-
hemoglobin concentration (Figure 41. veals that evaluation of "pure" SFH in.F
We have successfully prepared such a laboratory animials shows no abnor- FC concentration (or fluorocrit), the
product in large volumesi12 The char- nialities;' however, a recent report of greater the 0, content (Figure 61. -

acteristics of such a polymerized SFH given to human volunteers did The commercially prepared per-
pyridoxylated solution (poly SFH-P) identify transient but reversible filorochemical emulsion is Fluosol-
are shown (Table 21. changes Ii renal function."' The issue D)A, 20%, FL-l)A). This product has

Two kinds of preliminary studies is still not resolved. A second area of been evaluated extensively in ailnials _
have been carried out thus far. The concern is postinfusion immuitnosup- and human heings inI Japan, t"' t) and
first was to test the efficacy of the pression.1 '~ 1liecause sepsis often fol- rCCenftly underwent clinical testing inI
polyhemoglobin in rats. Eight rats lows henmorrhage and resuscitation, it a numb111er of institutions InI the United
were divided into two groups of four is necessary to determine whether he- States,?' Iincluding our o~wn trial it

each."I The first group underwent mloglohin soIlution impairs the ho~st Michael Reese Hospital and MeI.dical
total exchange transfusion with poly- defense mechanism. As modifications Center 2 2

hemoglobin. The second group re- of the hemoglobin solutions arc still A comparison iot whole blood wit h a
ceived 5%, albumin solution. All the in progress, a definitive answer Must hemoglobin of I g,,dL to H4< DA is,
control rats died as the hematocrit dc- await a more detailed evaluation of shown jFigure 1 I. 1 he figure t1ittite'S
dlined to approximately 5.All the the final polymerized burntigl( tin sit- that Alt houigh the IL -I lA dic (te it N
rats given polyhemoglobin survived. l1.tion, soni1c value1 aIs a11 0XVgCI Carrier, there
These efficy studies are now being are several Iinmit tog tacto rs I-irst, theC
repeated in baboons. FLUOROCARBONS patien t iist breathel. a1 111 i Chluio

The sectond study concerned poly- Background cenltratton ot Inspired oixygen iii order
hemoglobin half-life.1It Previous re- Fluorocarbonis thU are tluoriniatc(d to mlaXImIIZe thle ( ), e'ontent it the 11C :1
ports have demonstrated a relatively hydrocarbi ins that h1ave A si ILi itV fot r I )A Sct tod. e-Ven at a INt, (it ;(( I
short half-Ilife of tetrameric heino- 0 ), that is IW- to 20-fold greater than jbreathing hit, 1 1 \l,\ih the 11i.1
glohin of approximately twit to four Watter (Figure Un I l ike tile sig- tntL11 urn i evahle t I ouiittn tict
hours. Much of the tetramer is cleared nioidal binding11 ttt ( ), to the 11e2111 et titeilt Is still less t1l1.ii1 k i I', c in
by the kidneys, following dissociation gli hu., mole1c tie, the (, 2 phvsi call \ paired itt the 201 \, Ii", set wvith %Ittle
Into dimers. The half-life of the poly- dissolved in thle tluoirocarbton phase is, blotodu [he iltUSIttlit t I I I )A \Nsitild%
hemioglobin was tested by inf1USIin oii Iintcarl v related it) thle P0 ), (I, thle t hl.ret ird ery% little 1t0 thelt' tuIA
9(X) mL into adult baboons. Ilyridoxy- higher the l(),the nit re (), that us, t I , t lit Miless, thW 1111 1 Wtk W1 'i
Waed hemoiglobitn served as the citt- soluhle). [Ilie Sloipe (it thle lIne( depenlds sicleik- reutiteed twtin itriil IhIt
trill solution. The polyhemoglitbin tin the Cocenttratiton itt the, Ind it I)tMIlt (It t1his (tbSetV,itttt is t11,t tI1
shows a striking increase in halt-life thle stilubility CCHiicint (it thi W tttl t attil poli 111ent.il benetit ttt II I )

to 3X hours, compared tit abitut tour 0) . Thus at any PO( il, he hihe thec dies e\Ist thete tic sin sigiIitI~t
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Fig. 5. 0, content curves for pure fluo- rate oxygen carriers: TABLE 1. SFH properties
rucarbon and plasmna. 1 ______________________

Fig. 6. 0), content curves for 40% H]78gdfluorocarbon, 20% fnuorocar7-8,gand
pluoasma.n I0 IHI((o + 1011jm + 1021R1) P~,( 12-14 torr

Survival depends onl total oxygen coil- P2-5tr
tent, hut does not distinguish between .

limitations. Furthermore, the re- each of the oxygen carriers.1,2 1, The
strictions on the amount of FL-DA important observation is that at i PO02that can be administered to any pa- of 500 torr the plasma becomes a very TABLE 2. PuvY SFH-1proete
tient (40 cc/kg) limits the achievable significant carrier of oxygen that is ca- %r~rte
tluorocrnt, which will further decrease pable of supporting oxygen consump-
the amount of oxygen that can be car- tion even in the complete absence of [Hb) 14-16 g/dL %.-
ried by the FL-l)A (Figure 6). both RBC and FC. Because the 10,1,, P1-2 tr

will always be increased at FiO, of 1.0,
Laboratory Studies the actual need for the FL-)A is un- COP 20-25 torr

our initial effort was to answer the clear. ________________________
question; How good are fluorocarbon Although this study documents the
emulsions as oxygen carriers? Because efficacy (of the plasma as an oxygen
the principal requirement (If any 0, carrier at FNo, of 1.0, we arc con- tocol for FL-l)A was noniblinded, and .

carrier is the abihity to load and un- cemned about thec potential risk of oxy- had a cross-over design, with each pa-
load oxygen, it is necessary to accu- gen toxicity to the lungs in the clini- tient serving as his own coIntrol for-
rately evaluate these functions. We cal setting.27 The safe level of supple- each 0, earrner. Such a design let us
have shown that adult baboons can mental oxygen is thought toI be an define1 the physiologic need for, and
Survive at total exchange transfusion to Fio, - 0.6. Although our data suggiest evaluate the efficacy ot, FL-L)A in
zero hematocrit with FL-I)A, if they that- FL-l)A might not be necessary at acute anemnia.
are ventilated at an Fi0 , (it 1.0.2 .2-4 Fit., ot 1 .0, we cannot assume that patients had to he at least 18 years
The animals maintain normal hemno- the same situatioIn woIuld be true at old in order to be admitted intol the .-
dynamics and oxygen transp(Irt in the lower levels (If Supplemental oxygen. study Furthermore, the patient's ar- 1
virtual absence (It red blood cells. Al - terial blood PO, (Pa0,) had t(I reach
though these data suggest that FL-l)A Clinical Trial .300) torr or greater when receiving .
is an etfective oIxygen carrier, we also Thle results oft our animal study led supplemental olxygen. Finally, the pa-
demonst rated that control animals uIS til design o~ur clinical trial to evalu- tient had it) be normovolemiic. The
survive at zero hemiatocrit on an FiO, ate the safety and efficacy oif FL-l)A as physiologic criteria (I need derived
(It 1.0 without FL-)A.'' This iibservai- an oxygen carrier We solught to1 try to1 from our colntrli studies in naboo(ns,- .~

tilon leads tol the coinclusioln that FL- distinguish between the contribution included: 1) jlhj - 3S gdL; 2) Pvo,
[ )A is not necessary at Fio, (If 1.0), at (It the dissolved oixygen in the plasma -2S t(Irr; and 31 0, extractioln ratioI
least in this acute Setting. andi the dissolved oIxygen in the FL- (ER) - 51W. -

These re%,ilts can be explained by I )A co(mpartmelnt. Further, we wanted A patient who met one of the inclu-
.11i loderstai ling (It the way in which to mininmize the risk oIf toxicity troiil S1011 criteria was fi rst treaIted With
the fluorocarbons carry olxygen. InI the breathing 100'%, oxygen. V-hc (lbictive It00'%, (oxygein. An attempt was made
presence (If red blood cells andi FC. the wais therefolre tol prolvide sufficient 0, to stahilize the patieint's clondition at .

to(tal oIxygeni Conitent in the blood can deliverv with FL-I )A at Fi()o, - 0)6 the clical lN sate inspired oxygen

be co nsidered the Sum (It three sepa- Jolike most clinmical trial, the p)O level (it 60', by a gradual taipering pro-
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Gould et alr
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SPECIAL CONTRIBUTION
iron, ischemia, brain, heart,
oxygen radicals: resuscitation

Postischemic Tissue Injury by Iron-Mediated
Free Radical Lipid Peroxidation

i '**'-

Cell damage initiated during ischemia matures during reperfusion. Mecha- Blame C Whte. MD*
1115015 involved duiring reperfusion include the effects of arachidonic acid Gary S Krause, MD*
and its oxidative products prostaglandins and leukotrienes, reperfusion Steven D Aust. PhDt
tissue calcium overloading, and damage to membranes by lipid peroxida- George E Eyster, VDMI
tion. Lipid peroxidation occurs by oxygen radical mechanisms that require a East Lansing. Michigan
metal with more than one ionic state (transitional metal) for catalysis. We
have shown that cellular iron is delocalized from the large molecules where From the Section of Emergency Medicine.it is normally to eper- Department of Medicine,* and theit is normally stored to smaller chemical species during postischemic reper- Department of Biochemistry.t College offusion. Postischemic lipid peroxidation is inhibited by the iron chelator de- Human Medicine: and the College of
feroxamine. Intervention in the reperfusion injury of membranes by chela- Veterinary Medicine.) Michigan State
tion of transitional metals is a new and promising therapeutic possibility for University, East Lansing, Michigan
protection of the heart and brain. /White BC, Krause (;S, Aust SD, Eyster
(;E: Postischemic tissue injury by iron-mediated free radical lipid peroxida- Presented at the 1985 UAEM/IRIEM
tion. Ann Emerg Med August 1985;14:804-809.1 Research Symposium in Orlando. Florida.

February 7-8, 1985
Introduction

Initiation (if cell damage during ischemia occurs as a result of oxygen de- Dr White and Dr Krause are supported
plction and the cessation of aerobic energy metabolism. Normal cellular in part by the Medical Research and
chemistry in mammals involves precise, enzymatically controlled reactions Development Command of the United
supported by high adenosine triphosphate (ATP) levels in an oxygenated and States Army Dr Aust is supported in part
mildly alkalotic environment. During ischemia, cellular chemistry does not by NIH Grant GM33443
cease; instead, its nature is shifted to reactions that occur in a reducing and
acidotic environment, without oxygen or large amounts of ATP - reactions Address for reprints Blaire C White. MD. -
that may be neither supported nor controlled by enzymatic catalysis. Section of Emergency Medicine A-206

Resuscitation is an attempt to return the cell to its preischemic chemical East Fee Hall M ici gan State Universiy
environment; however, because resuscitation takes place in the face of chem- College of Human Medicine East
ical alterations that occurred during ischemia, reperfusion may result in Lansing. Michigan 48824

rapid cell death. The primary goals of the study of resuscitation are idcntifi-
cation of the ischcmia-induccd changes that may be lethal to cells, and de-
velopment of physiologic and pharmacologic principles to control and re-
verse the consequences of ischemia.

Ischemia, Calcium, and Cell Death
(ne major factor that contributes to ischcmic injury is cellular calcium

overloading. i CalciLr is vital to a number of physiological and biochemical
processes, but the calcium Ion is strictly compartmentalized by cells. Main-
malian cells use energy-dependent pumps in the mitrochondria,2 endo-
plasmic reticulum, Iand plasma membranei to maintain a 10,000/1 gradient

: Of ionizCd calciumn across the cell membrane. Upon depletion of ATP' stores
in early ischcnia, the energy-dependent pumps canl no longer function, and
extra-ccllular calcium eqlihbrates with the cytosol.' . ' In the brain, ATP de-
plction and Ca-' equilibrium is cstablished within five minutes.' Early ccl-
lular calcium overloading also occurs with ischemia in the myocardium, al-
though ATP depletion is somewhat slower. ( Collapse of the mitochondrial
chemosmotic gradient during ischecmia causes these organcells to lose their
SequeIStered (-&' ' to the cy toplasm.I

These shifts during complete ischeniia occui between conpartmcnts;-"
inCasurcmcnt Ot tOtal tissue ('a-' during complete ischemia reveals ni i n-.

7-"
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POSTISCHEMIC TISSUE INJURY
White et al

Fig 1. Reaction sequence of a free radi-
cal (R) with a polyunsaturated fatty , R"
acid. These are the key reactions in
the chain reaction of lipid peroxi-
daton. H I.R' H 1. Initiation Reaction. Hydrogen

CRH abstracted by radical

crease. The consequences of this cel- R' It" generates lipid alkyl radical
lular calcium imbalance include ac- - -

tivation of membrane-hound phos- H H Rernmn
pholipase.7 and conversion of xan- CHR' (Diene conjugation) %-..
thine dehydrogenase to xanthine oxi-
dase2?i R' 2. Propagation

l)uring repcrfusion, calcium in the Lipid peroxide radical, formed "
incoming plasma causes massive over- H
loading of cells.i This has been dem- CH" 2A, Prpa
onstrated in the liver, brain,2 and Hi" Propagation 'd" a cheart . armit prbably ccursin R'Lipid peroxide radical attacks .%'.
heart,[') and it probably occurs in another PUFA and generates %
most other organs as well. The result H another lipid alkyl radical the
is substantial increases in total tissue H aI 0 ld r e c s i
calcium content, in contrast to the 0H'  ipdoperoxide
isolated compartmental shifts that HR hydroperoxide ON
occur during ischemia. Reperfusion R' --
Ca 2 ' overloading may be directly in-
volved in cell death.' Indeed, liver H
cells can survive long ischemic peri-
ods or certain toxins usually associ- Fragmentation Products
ated with cell death if the extra- Fra on roducts
cellular fluid is low in Ca 2

4 1 (Malondialdehyde)
One result of calcium shifts during

reperfusion after prolonged cardiac
arrest is a progressive and prolonged this remains unknown. A role for me- lyzed oxidation of glutathione. 21

increase in cerebral vascular resis- chanical disruption of the membrane A free radical is a chemical with a
tance and a concomitant decrease in by Ca 2 4 -dependent contracture of cel- single unpaired electron. Such mole-
cerebral blood flow,'' i1 the delayed lular microtubules has been consid- cules may act as reductants by trans-
cerebral hypoperfusion syndrome. Al- ered, although microtubular disman- furring the unpaired electron to an- "
though this syndrome may not be the tling proved to be nonprotective in other chemical, or they may behave as
proximate cause of postischcmic brain ischemia.IX Peroxidation of membrane oxidants by abstracting an electron %
cell death, it is probably a significant lipids initiated by oxygen radical spe- from a chemical. Superoxide, the
factor in postanoxic enccphalopathy, cies destroys lipid membranes in product of single electron reduction

Following cardiac arrest lasting up vitro]" and could account for the in- of molecular oxygen, is generated in
to ten minutes, administration of cal- creases in membrane permeability, normal metabolism by the initochon-
cium antagonists postischemia is ef- drial cytochrome system, the mixed-
fective in ameliorating hypoperfusion Reperfusion and Membrane Lipid function oxidases of the lysosomes
syndrome in the brain, " as well as Peroxidation cytochro n o P-4.50), and a number of 0- N,
total brain tissue calcium overload) Injury initiated during ischemia ma- other oxidative enzymes including
and neurologic deficits.[4 11, Protec- tures during rcperfusion. Reperfusion cyclo-oxygena~c, lipoxygenase, and ,
tion against reperfusion calcium over- of the myocardium after prolonged xanthine oxidase. 22 Because of super-
loading has not been seen with cardiac regional ischcmia results in rapid oxide's potential for participation i

Secondary Ca 2 ' overloading after pro- turally obvious cell death.?() This in- redox reactions, several systems ar

longed ischemia in heart or liver cells jury maturation is accompanied by available in the cell to eliminate this
may occur through direct increases in the generation of malondialdehyde relatively ubiquitous radical species. "
membrane permeability rather than (MI)A), a product of lipid peroxida- The initochondria complete the re- .
through the normal calcium "chan- tion. Studies show that substantial duction of superoxide to water by
nels."i amounts of myocardial tissue can be cytochromc oxidase. The superoxide .* ',

;everal mechanisms have been sug- saved, and MI)A production reduced, disnmtase/catalase/glutathione perox-
gested to account for the development if superoxide dismutase is adinin- idase system is found everywhere in
of abnormal membrane permeability istered during reperfusmon .20 This the body. Vitamin E is intercalated in
during prolonged Ischemia and reper- enzyme converts the free radical su- cell membranes, and serves as an clec-
fusion. There is some evidence to sug- peroxide (, 1 to hydrogen peroxide tron donor to reduce radlcals.
gest dcfective reacylation of mcm- (H,0. H,), can then be converted Ltpid peroxidation takes place in a
brane lipids with unsaturated fatty to water and oxygen by catalase, or to chain reaction. The three classic reac-
acids; 1 however, the significance of water by glutathione-peroxIldise-cata- tions Ot lipid peroxidation are inita-
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-Fig 2. RelatiOnShip) 01 the cliangt! in
inean vaIles oif brain tissue~ low mo-)
lecutlar weight iron specie .s and of
nialondialdehivde. The zerTo point rep-

resents datai from control aniomalsA
50 that have riot und~ergone cardiac at-

1H, SIC rest. The other foor plotted points tire/ fromi groups of fiye dogs each that all
had] 15 -innie cardiac arrest and

40 were resoscitated] by internal cardiac-
7 massage. All brain tissue sam piesfl SIC + LIDO were taken for biochemnical analysis

two hiours postresuscitation. All pro-

30 tective drugs were given) by IV infoj-
< sion during the first 15 minu te~s
0poistresuscit aton SIC = standard in -7 tensive care; l)EF - deferoxamine;

20 I SIC ± DEF ±LIDO LI( dfaie

tion enccphalopathy may he a multi-
organ syndrome in which other sick

10 ISIC + DEF organs contribute to the pathology
seen in thc brain.2 i

Oxygen is intimately associated
with propagation. The reaction be-
tween the lipid-alkyl free radical and

50 1 0 15 2000, is so rapid that termination is un-
50 10 15R20 likely to occur.2 1 Even at tissue 0,

IRONlevels of only 5% to 10%, of normal,
propagation will continue at about

2 50'%, of the maximum-11 Velocity. 2 6' In
vitro studies of lipid peroxidation
show that the optimum physical at-

tion (Figure 1), propagation, and termi- cal becomes a lipid bydroperoxide, rangerienit (if lPUFAs for proipagation
nation 2 .1 The first step, the initiation and the IPUFA it has attacked becomes of lipid pcroxidation is that of a close-
reaction, is the rate-limiting reaction. a new lipid-alkyl radical. The chain re- lx' packed mionolayer.'", Hence hiolog-
From the perspective of the potential actions terminate when the lipid radi- ica I membranes arc nearly an op-
for membrane protective therapy, the cals react with each other to form sta- tiin environment for the chaini
initiation reaction deserves special at- hie products, or with scavenger mole- reactioins to Continue.
tention. Lipid peroxidation is initiated CUles Such ats Vitamlin E or sulfhydryl Tissue and organelle Susceptibility -

by oxidative abstraction of a divinyi groups. 2 
i to lipid peroxidat ion is variable.

hydrogen from a polyunsaturated fatty The lipid hydroperoxides croiss cell Among tissues that have been Studied,
acid (PUFAI (Figure l1, thereby forming membranes, and may be found in the hrain tissue has the highest rate (of
a lipid-alkyl free r,..cal. The activa- circulation.]"~ In the Presence Of a lipid pecroxidation, " which is niot sur-

%tion energy for this reaction is about transitional metal catalyst such as Fe 2  prisingy Inl view oit the high content of
%85 K Cal/mole.2i This hydrogen re- ', they readily decompose to a lipid lPUFAs, in the brain. Of the suihcellular

quires less energy to remoive than that alkoxyl radical: W organcdies, mnitrochondria aepriu
insatur.,ted carbon chains; indeed, larly suscep-tible to lipid peroxida-
saturated iatty acids do not readily uin- Fe2 

' LOOH -f Fe" OH 4 no."Interestingly, these organdIes
dergo peroxidation reactions. LO' demlonstrate: less loss ot memribranle

Propagation is a two-step pr':cess. lipids during isehelma than do other
First, the new lipid-alkyl free i dical Thus thle lipid hydroperoxides may' in membnranes in the cell 1 Thu1Ls It Is not
reacts with 0 ), to form a lipid-peroxy iMate Injury in organs other than the suirpiriing that b1.1in Ill ito chon1drialf iii-
radical: on'w that Sustained the Iinial insult, inrV do ring iSClII~ 1ch ni si i a

Rcoignition (it tit, mnai help Ius tint- while n ore severe i nim oivccuir,, in
L' 0? - L(X derstand why Stutdies oot pharmlaco- c rti) iumarginal 'n i c il sj tii

Then, this lipid-peroxv radical Lan at- lorgaiscrotcinin oelsn oisolad (tlipid ' pcor dringin ioiduto
tack it divinvI hydrogen in anl adiacent oraichnisoemsyelre tiidpoidin

PLJFA- stlts that ire moreC dittiLUlt to achieve
whenI applIe'd to theC total1 ho di ISCheC Membrane Lipid Peroxidation

Lt K Li- - L' Lot )11 1111in.i invo dyed )In taidiak at I ibis and Iron
o. heioistr tends ito sihst.iiitlIti thet ar- I Ilk Inl I i onic 11,11111L U

In this reaction, the lipid perox\ radi 01go iet ot1 '.tir H11 hit ost wr'st'i 11,1 hi ' sIlis I oN IM s ut1.1iistoftlkLc co t'
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POSTISCHEMIC TISSUE INJURY --- --

While (.. a!

activity to Initiate lipid peroxidlation. and were unahle to find changes in the We have reported that LMW( iron
For the react ion bet ween o), and ratio of reduced gluitathionle to OXi - is increased three-fold in thi. hrains oif
IPUFA, the energy yield 193. fromi ah- dized glutath ione. They COneCltided dogs after two hours (it repertilSionl

StractiOn of the divinvi hydrogen fromn that th is was evidence against tree following resuscitation from It 1-ry m- %
the PUFA is -58 K'Cal/miole. " Re- radical involvement in thc pathology ute cardiac arrest (Figure .42 This ise%%
dulCtion Ot 0,. to H ,(), has at Z\( of (it brain ischemnia and reperfusion. accompanied by a .30'Y., increa se in

18 K Cal/mole. 1 W~hen the net AG Kogurce t l' recently demonstrated, brain tissue MI)A levels, which is pre-
ot at reaction is positive, it is ther- hoeeta hr a ocag n Vented by treatment with the iroin
miodynamnically unfavorable. The Stuml glu1tathione ratios during 60 minutes chclator deferoxamine during reperfu.-
oif the '^('s above is ,40 K Cal/mnole; of clearly doCcented lipid peroxida- Sion. Iron bound in the. tcrriox iinine
thus di Irect initiation oil lipid peroxida- tion In a minced brain preparation, complex is chemnically inert, and iron-
tiln bN 0), IS unlikely Moreover, di- Iron is ubiquitous in muammialian dependent lipid peroxidation cannot
rect reaction between 0, and the tissue.",~ The heart contains 96 ± 35 Occur in the presence of stochio-
IPUFA is spinl-forbidden)? In the pres- j-Ltm iron per gramn tissue ash, and the metrically adequate am1ounts of defer-
enice ot at transitional metal catalyst brain contains 63 ±24 jimy iron per oxaminle.4 o
Such ats iron, however, moire reactive gramn tissue ash. The iron content in Treatmient with the calciumn antag-
species are produced, and the spinl re- the brain is relatively u ni form (mist lidoflazine also significantly re-
strict ion is Overcome; bhus Coin1- throughout the various Substructures, duICes the tissue LMWC iron levels.41
plexes involving oxygen and transi- except in the putamren and nucleus In our experimients, the best reduIction
tional metals canl initiate lipid perox- niger, where the content is two to of tissue LMWC iron levels was oh- -

idation. i Recent evidence that () three timnes higher. "' Normally most talled by postischernic treatmnttN
releases ironl directly trmm territin (by of this iron j . tightly houind in with both deferoxarin me and I ido0-
reduIction of terric to terrouSl I? pro'- enzymes or stored in the ferric formi flazine. Babb-s-1i has demonstrated a
VILC des an ltern-at i ve ex planat ion 0 ir inl ferritin. 100.W- increase in long-term Survival
sLiperoXIdC-tnIediated tissueI injuLry and It appears that iron mlay be Lie- and normial neurologic OutCtime in
the protective ettects Of Su~pero'xide localized fromn normal sites within the rats treated with deferoxineni after
dismulltase: Sol )l. Cell during iscbemyia and reperfusion. resuiscitatioin fromi a ten-minute car-

Inlitially it "'a" thought that bly- Iron appears in anl "unusuaml ligand diac arrest.
dn ixyl raldical in. fi'l was produced by a field" in left ventricular tissue within Ferriin is at likely (but unproven)
Hlabir- Weiss react ion between o), lI minutes of regioral tMyocardial is- SOUaTCe tot the ironl released as, a conse-

and I n)2Strong evidence now Inl- chemyia. 1 This is accompanied by inl- queCeIC Of ischernia. The basic inecha- 'V-
diae imwever, that ()Hf is not the creased MI A inl left ventricular tissue nismn for the release of iron fromn ferritin

radical speIcies inIvolved in initiaion atter 45 minuites (if iscbemnia. s Art- is the reduction of the storage form oh
iii lipid periixidatiiin.' 12 Rather, low mlan et al " have shown that intusion Insoluble ferric iron (Fe I1 to the her-
TOOi dcColar weight cheLates I LMWCI of ot small arnounts of Fe? results in rims (Fe2 

-state.4" It is not surprising,
t,:rtoUs i rn, sulch as, Al )I- Fe2  can depression of the maimumII.n rate ot theretore, that the reducing environ-it
tindIIr-o reactioi ns wvith oxygen to gen- myiocardial tension development and mnent that develops inl the cell during
erate aCtive ox dation Species,, the priolonged tinyofibrilI a r relaxation iscbeia should be associated with in-
Chem ca(:,l na.ture ofich is not yet timles. Protection fromn these effect., creasing cellular concentrations, of
en t Ire' lv clecar.2 Such i run -oxygen was achieved With SO1) hut not With LMWC irin. Indeed, rapid release of- -

ciIImp)lACxe can1 di rectlv Initiate lipid mlann itol, an OH' scavenger.."12 iron trorn territin is observed in anaer-
per iXidatmikii in l'IJFAs. These authors suggest that the FeL:? obic conditions and is mediated by re-%

I here. are, thea-itore, twii critical Induced injury is dependent onl tiirnia- duLced FMNH ,."' FMN appears to be
qetIi o n the studyI ut pO StViscbemnic tion of activated oxygen species, and commilonly associated with ferritin, and

olem brain. ii ry douring r.-pertusii n that the priilinged relaxation timec is miay bie retduced by ei ther N Al H or
I)' lipid peiiXIdatiiOn through tree rad- e.vidence iif at radical-induced detect in N Al)PH. I ThFie accumulLlltilonl ot
cal nIeh in( First, does ferroius mebaeclimhnln.NAI H during schemiia is well diuCLI-

ini iweaalbetii catalyze lipidI Studies Inl our laboratories deiin101- menC~ted, " and it Occur,, concomitantly
pen iXIdIola ii iii tir rg Iiheia i r reper- strate that myocairdial tissue levels of with the accLluultilonl Of lactic acid.-
his inll Secioind, is ii chre irec t ev i- lOW mu deco lar weight chelate foirs ut Additmuinal i rim releaise froii territuln
kice' tha per- iri arex' le tvipected during reperloisiiin.
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Treatment with allopurinol (an inhib- remains to be done to complete the al: Changes in extracellular calcium ac-
itor of xanthine oxidase) during reper- picture of injury by ischemia and re- tivity in cerebral ischemia. I Cereb Blood
fusion protects postischemic bowel4  perfusion already developed, there is Flow Metab 1981;1:203-209. I
and myocardium. a9 already evidence to justify controlled 6. Katz AM, Reuter H: Cellular calcium

clinical trials of deferoxamine, or the and cardiac cell death. Am / Cardiol
Clinical Implications combination of deferoxamine and cal- 1979;44:188-190.

Reperfusion following cardiac arrest cium antagonists, for the amelioration 7. Nemoto EM, Sjiu GK, Nemmer I; et
should be accomplished by methods of reperfusion injury in the heart and al: Free fatty acid accumulation in the
that provide optimum cardiac output brain. pathogensis of cerebral ischemic-anoxic
and tissue perfusion, so that the re- injury. Am I Emerg Med 1983;1:175-179.
ducing equivalents accumulated dur- Conclusions 8. Roy RS, McCord JM: Ischeria induced
ing ischemia are removed as rapidly as We have reviewed evidence that conversion of xanthine dehydrogenase to
possible. This means that open-chest tissue injury during ischemia is a xanthine oxidase. Fed Proc 1982;41:
cardiac massage, which is signifi- function of the shift of the cellular 767-772.
cantly superior to closed-chest CPR chemistry to an anoxic-reducing 9. De Garavilla L, Babbs CE, Borowitz IL:
for perfusing the heart and brain,', environment that is ATP-depleted. Effect of diltiazem on brain calcium con-
should yield improved resuscitation This results in the following: 1) col- tent following ischemia and reperfusion
rates and neurologic outcome in pa- lapse of the mitochondrial chem- in a rat circulatory arrest model, abstract. -,
tients, as it has in the laboratory.50  osmotic gradient; 2) degradation of ad- Ann Ermerg Med 1984;13:385.
These data are consistent with the ob- enine nucleotides; 3 compartmental 10. Shen AC, Jennings RB: Myocardial
servation of exacerbated lactic acid- shifts of calcium; 4 activation of cal- calcium and magnesium in acute is-
osis and tissue and mitochondrial in- cium-dependent catabolic enzymes; chemic injury. Am I Pathol 1972;67:
jury in the brain when it is subjected 5) release of PUFAs from membranes; 441-452.
to "trickle" blood flow rates com- 6) defective reacylation of lipids; and 11. Hoffmeister F, Kazda S, Krause HP: In- ,'
monly obtained with CPR.2 7,2-,5  7) delocalization of iron from storage fluence of nimodipine on the post-is-

The data argue against the admin- to LMWC forms. chemic changes of brain function. Acta
istration of calcium during resuscita- If the ischemia is prolonged and Neurol Scand 197 9;60(Supp! 72):358-359 J. ',.

tion. They also suggest that the prom- these processes are sufficiently devel- 12. Steen PA, Newburg LA, Milde JH, et
ising results for protection of the oped, reperfusion results in formation al: Nimodipine improves cerebral blood
postischemic brain by calcium antag- of 02 and iron-dependent lipid per- flow and neurologic recovery after com-
onists will not realize full clinical po- oxidation with loss of integrity in the plete cerebral ischemia in the dog. I Cereb
tential unless specific therapy is di- plasma and mitrochondrial mem- Blood Flow Metab 198,3;3:38-42.
rected against reperfusion membrane branes. Then massive overloading of 13. White BC, Winegar CD, Wilson RE, et
injury by lipid peroxidation. Deferox- cells with calcium occurs, and the al: Calcium blockers in cerebral resuscita-
amine is a clinically available phar- cells undergo coagulative necrosis. tion. I Trauma 1983;23:788-793.
maceutical with well-established ad- Lipid peroxidation and continuing 4 a H s h
ministration guidelines and it has a iron delocalization are inhibited by et a: Early amelioration of neurologic
history of being a safe drug. i treatment with the iron chelator de- deficit by lidoflazine after 15 minutes of

Chemically, the approach of stop- feroxamine. Calcium antagonists pro- cardiopulmonary arrest in dogs. Ann
ping the initiation reaction of lipid mote postischemic reperfusion. Con- Emerg Med 1983;12:470-476.
peroxidation, and inhibiting the gener- tinued studies of combination therapy
ation of lipid alkoxyl radicals from with deferoxamine and calcium antag- et aVa Amelioration of brain damage by
lipid hydroperoxides by controlling onists to protect the heart and brain lidoflazine after prolonged ventricular
the iron, is attractive. This may be during postischemic reperfusion are fibrillation cardiac arrest in dogs. Crit %
more promising than either hoping scientifically justified. Care Med 1984;12:846-855.
that scavengers (such as mannitol or 16. Newburg LA: Cerebral resuscitation:
vitamin El can break up chain reac- References Advances and controversies. Ani Emerg
tions by chemical competition in the 1. Farber IL: Membrane injury and cal- Med 1984;1,3(Part 21:853-856."
tightly packed lipids of membranes, or cium homeostatis in the pathogenesis of 17. C ,."
attempting to intercept oxygen radi- coagulative necrosis. Lab Invest 1982;47; 17. Chicn KR, Reeves IP Buia LM, et al:
cals after they are formed with scav- 114-123. Phospholipid alterations in canine isch-emic myocardium: Temporal and topo-
enger enzymes (such as SODI. More- 2. Rossi CS, Lchninger AL: Stochiometry graphical correlations with Tc-99m-hl'i
over, although deferoxamine pene- of respiratory stimulation: Accumulation accumulation and an in-vitro sarcolem-
trates cells and the blood-brain harrier of calcium and phosphate and oxidative mal calcium permeability detect. Ctrc Rc,
well, it remains to be shown that phosphorylation in rat liver mitochon- 1981;48:711-717.

dria. I Biol Chein 1964,2.39:3971-.3980.large protein species such as SOD or 18. Okavasu T, Curtis MT. Farber IL

catalase can or will do so. 3. Madiera VMC: Proton movements Cytochalasin delays but does nt prcet
The data also suggest that exacer- across the membranes of sarcoplasmic re- cell death from anoxia Aum I lath,. ,

bated tissue injury and arrhythmias ticulum during the uptake of Ca(2 4I. 1984;117:163-166.
o'Arth Ilichum Biuqphe * 1981,218) 3 19-.32:5.occurring during management of myo- 19, Mead If: Fre0 r0ical9-,1,2z,. •ki

19 Mead IF: Free radical mechanism ycardial infarction by promotion of 4. l)polo R: Cacim pump driven by lipid damage and conscqucnces for ccl .
myocardial reperfusion?;;.i" may be re- ATI' in squid axons N,;tur- 1978,274: lular membranes, in Prvor WA ed' Itr,', %lated to iron-depenident lipid peroxida- Rad9(a in9 Ne York.Aict,
tion. Although more laboratory work . ltarns RI, Symon L, Brmnston NM, ct 'ress. O'76, pp =,l68X
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SPECIAL CONTRIBUTION
ATP; brain: calcium; ischemia:
mitochondria

Mitochondrial Damage During
Cerebral Ischemia

Cerebral ischemia causes a rapid decline in the ability of brain mito- Gary Fiskum, PhD
chondria to synthesize adenosine triphosphate when they are exposed to Washington, DC
oxygen and oxidizable substrates. Ischemnia also results in a decreased ca-
pacity for energized mitochondria to sequester the abnormally high levels of From the Departments of Biochemistry
calcium that are present within ischemic tissue. The degree to which these and Emergency Medicine, The George
processes are affected is likely to influence the maintenance of cell viability Washington University School of Medicine,
during cerebral resuscitation. Factors that have been proposed to account for Washington, DC.
mitrochondrial damage during ischemia and reperfusion include intra-
cellular acidosis, -a 2 + -induced membrane damage, and free-radical-depen- Presented at the 1985 UAEM/IRIEM
dent membrane lip:d peroxidation. Ongoing research indicates that mea- Research Symposium in Olando, Florida.
sures can be taken to manipulate these factors so that mitochondrial February 7-8. 1985
damage may be minimized and cell viability optimized during resuscita-
tion. [Fiskum G: Mitochondrial damage during cerebral ischemia. Ann Address for reprints: Gary Fiskum, PhD.
Emerg Med August 1985:14.'810-815.1 Department of Biochemistry, The George
SA tWashington University School of Medicine,
Intro ro dtn adWashington, DC 20037.

Continuous production of adenosine triphosphate (ATP) is required by all
cells in order to remain alive. The energy needed to drive the synthesis of
ATP from adenosine diphosphate (ADP) and inorganic phosphate (P,) is de-
rived primarily from the oxidation of nutrient substrates (eg, glucosej via
metabolic pathways that require the presence of oxygen, and also from the
anaerobic pathway of glycolysis (Figure 1).

Normally 80% to 90% of cellular ATP is generated from mitochondrial
oxidative phosphorylation. Thus when the supply of 02 to the tissue is inter-
rupted (anoxia or complete ischemia) or drastically reduced (hypoxia or in-
complete ischemia), the cell must rely on its reserves of high-energy phos-
phate bond energy (creatine phosphate) and glycolysis for the production of
ATP Even though the brain has a relatively high capacity for generating ATP
from glycolysis, rapid utilization of ATP for the active transport of ions leads
to complete depletion of ATP within a few minutes after the onset of severe
incomplete or complete ischemia. Soon thereafter, degradative biochemical
reactions initiate the process of cell death.

One key event that occurs when cellular ATP is depleted is an elevation of
the intracellular Ca 2 + concentration) Without the ATP needed to transport
Ca 2 out of the cell, it will rise from its basal cytosolic free concentration of
approximately 0.1 iLM and eventually equilibrate with the extracellular con-
centration of greater than 1.0 mM. This abnormal increase in intracellular
Ca 2 ' activates a number of degradative enzymes such as phospholipases,

Wwhich attack membrane lipids, and proteases, which inactivate enzymes as
well as transport and structural proteins.

Reperfusion of ischemic tissue with 02 and oxidizable substrates can reac-
tivate mitochondrial oxidative phosphorylation, thereby allowing cellular
ATP to recover to a level consistent with cell viability. This will not occur,
however, if during the ischemic period the mitochondria are damaged to a
point at which they are incapable of synthesizing ATP at a rate that is com-

% mensurate with cellular needs. Under these conditions, as well as during
incomplete ischemia, the rate (t glycolytic conversion of glucose to lactate

, 16 0.accelerates in a futile and inefficient attempt to produce the necessary level
of ATP This may exacerbate the problem by creating a pathologically acidic
intracellular environment due to the accumulation of lactic acid.2
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MITOCHONDRIAL DAMAGE S.
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Fig. 1. Cellular energy metabolism, clown of glucose to lactic acid. is the synthesis of ATP4 This, in turn,
The central nervous system obtains can prolong the time during which
almost all of its energy from the ox- Ca>4 -activated degradative enzymes
idation of glucose. In the presence of In addition to being the primary can act on cellular constituents and
oxygen, the pyruvate generated from generator of ATP, respiring mito- possibly potentiate the onset of irra
glucose via glycolysis is further ox- chondria are capable of actively ac- versible: cellular injury. -~

idized via the tricarhoxylic acid cumulating large amounts of Ca2 ~, The possibility that intracellular
(TCA) cycle located within the mito- thereby buffering the Ca2 + concentra- Ca 2 l can remain elevated during re-
chondrion. The energy given off dir- tion of the surrounding milieux at I pefsosugtshacluardm
ing this process is captured by the ixM or less. This process is not the pri- age does not necessarily stop at the
reduction of oxidized pyridine nu- mary mechanism responsible for con- end of ischemia. In fact, considerable
cleotides, eg. niLOtinamide adenine trolling the cytosolic Ca2 l concen- evidence indicates that reperfusion
dinucleotide (NAl1) t). These reduced tration under normal conditions; often does Cause further damage to
high-energy molecules are oxidized by however, it is believed to be an impor- cellular activities,5 including oxi-
the elect ron transport chain (ETC), tant hack-up system when the level oif dative phosphorylation.6 it is widely
which i~s located at the mitochoridrial intracellular Ca 2 l becomes abnor- believed, however, that postischemic
inner mnembrane The energy given off mally elevated.I Thus mitochondrial damage is primarily due to hio-
during the transport of electrons from Ca>l sequestration during postis- chemical alterations inflicted by c-
NAt)H to 0, is used to pump~ protons cheniic reperfusion may represent an vated levels of free radicals, such as
out of the mitochondrion. The resul- important line of defense against con- superoxide (0,.) and hydroxyl radicals
rant electrochemicil gradient oif pro- tin ued Ca l -dependencrt celluiilar IGH).' In the presence of certain cata-
tons drives the synthesis of AT!P diur- damage, at Icast until ATI) reaches a lysts (eg, "free" iron) free radicals react
irig the downhill reentry of protons level that is Sufficient to pump the ex- readily with membrane lipids, causing-

int te itc-hnirin ia the mem- cess Ca2 l Out of the cell, extensive alterations in the structure
brane-hoisnd AT!' s inrtlietase. ATV' is Mitochondrial Ca2 I uptake and ox- anrd function Of Cell membranes.,, All
then transported (Jit of the initochon- idative phosphorylation both depend cells possess enzymes leg, superoxide
(lrion into( the cvi osol, where it is on the resplration-dependent cIC- dismo tase, eaalSe, and glitathl~ionC''
used to drive such energy-reoluiring re- trochemical gradient of protons to fuel peroXILIAS) that can detoxify tree radi-
ictionins(as the active transport of No their activities. Therefore, when is- cals and their nuetabolitcs. Postis- %''
an(l (,a. Ilt of the cell. In the a!'- chemnia causes da malge to the on1to- cheiiic detoxification may be li mi ted,
.sence of 0 .relativelyv little AT!' is chondrial ele~ctron transpOrt chain, the however, particularly it the activity ot IA
produced duiring the glYcolytic break- accumnulation of Ca is inhibited, ais theCSe enIZyme1S IS reduced during the
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period of ischemia. The self-sustaining the animals are sacrificed and the Fig. 2. Mitochondrial damage during
nature of free radical reactions also mitochondria are isolated from the ischemia and reperfusion.
can lead to the slow accumulation of brain. Depending on the procedure,
abnormal molecules that may take the isolated mitochondria can be pri-
many hours to be reflected as an al- marily those present within synap- studies have shown that within min-
teration of tissue function. tosomes, those that are "free" and not utes after the onset of complete or in- "r

encapsulated by synaptosomal mem- complete cerebral ischemia, there is a
Mitochondrial Damage During branes, or a combination of both. The substantial decline in the maximum
Ischemia and Reperfusion effects of ischemia on these different rate of State 3 respiration by brain

Many studies have examined the al- populations of brain mitochondria mitochondria.6,,0 .3 Typically there is
terations of mitochondrial activities have not been rigorously compared. at least a 50% inhibition of Al)P-stim-
that occur during ischemia. These ex- This should be done because there is ulated respiration after 15 minutes of le
periments have been performed pri- evidence that there are significant dif- ischemia and 75% inhibition by 30
marily with liver, heart, and kidney ferences in the normal metabolic ac- minutes of ischemia. This is due to a
mitochondria and, to a lesser extent, tivities of "free" compared to synap- decline in the activity of the mito-
with brain mitochondria. 4 Extrapola- tosomal mitochondria.9 chondrial electron transport chain
tion of results obtained with one Comparisons between the activities rather than an inactivation of the
tissue to another is unwise because of of normal and ischemic brain mito- enzymes directly responsible for ATP
the great variability in the metabolic chondria have been restricted pri- synthesis and transport. 12 Surprising-
activities of different types of cells. marily to rates of electron-transport- ly, State 4 respiration by brain mito-
Therefore, this discussion will focus dependent oxygen consumption. chondria is unaffected by up to one
on the effects of ischemia and reperfu- There are two fundamental types of hour of cerebral ischcmia.12,i This
sion on brain mitochondria, mitochondrial oxygen consumption. finding contrasts with those made e

The influence of ischemia on brain Phosphorylating (State 31 respiration is with other tissues, such as liver and
mitochondria has been assessed in that observed in the presence of AIJP kidney, in which ischemia induces an %
animal models employing complete or + P,. Resting (State 4) respiration is elevation in the rate of resting respira-
incomplete ischemia with or without that obtained prior to the addition of tion (uncouphngl due to an increase in
reperfusion. At different durations of API or after the phosphorylation of the nonspecific ion permeability ot r
ischemia or postischemic reperfusion, AI)P to ATI is completed. Several the mitochondrial inner-membrane.-
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MITOCHONDPIAL DAMAGE

One very important observation is membrane lipid periixidatio n p"arSiIS h(Iwi-CIl tIIw pIWhi II iithat mitochondria isolated from is- An acidic environmnit is kniown ti a i iiusi i i0 1 it01 hi11,1 1i. Irli d Itchemic brains possess the ability to inhibit initochondrial respiration n d ti-renlt i issueLs i n4,1i.Io t hat 'tonlii11.
recover in vivo during reperfusion fol- Ca2 

-accumulation. In vitroi acidiisis hf(i tidria i J1I SL'Se- A pirAt Ii.1111 Ii.%,%it
lowing a relatively long period of corn- of pH 6.4 has been shown it)i nhibit Jph(INJ)hi1IJpdSL A2 a~it i
plete ischemnia. After 30 minutes of re- A)P-stiMUllated brain initochiindriai I he're IS Still J 9(041d p i-blit lt. iperfusion following 30 minutes oif respiration by 5im, compared toile 1h ( .1i.adeivoe.iiii s

complete iscbemia, there is a total re- rate obtained at pH 7..11 This ettect mdi ,1reti II. '011 iitL 110 04i dt.ti.ict
covery of the rate of State 3 respira- is only partially reversed by necutralli- (her' 1'd III INC hI)( HIiti 1,1111 iition by rat brain mitochondria.6, ii i2 ing the pH- after the ni tOcho ndria drI iind t11 hi -[ilt Li 110i ild kas :
If reperfusion follows 30 minutes of have been exposed to acidic pH values madekIL III tIwl' i I' 1t 10 )'1 1,

* ~incomplete ischemnia, however, ADP- for only five minutes. A pH Ot (v() has tisses Suith a-1ii' lit 'f r iit
stimulated 0, consumptioin either alsio been shown to Cause an1 inhihi- this CqoeLStill " III r JoiM hoi-t (III.I
fails to recover- to the control valueIC12 tion of the maximal capacity tOY C[a' anal'.ses (it in i t h1n1bi nt n l ii
or actually falls to a level that is even sequestration by normal iir ischiiit Iliids 'Ind III tiifl' i I ii IC IT)s,-
lower than that obtained in the pres- brai n m itochondri a.1I These cttei is IIIn III ii iii F eibtii iN III Iii i Maid~ ri II t
ence of ischemnia aloneJ' ii1 are consistent with the patte-rn ut i i NM tu i iiiis tan d "ti 10 th AbS-ii

Unfortunately, very limited data are tochondrial damage caused by ische- and pre-seikk lit (. al aInralgoi n-.s
available concerning the long-term mia, and they correlate with the rela- 1h11a ''rii a ILL01111in1Ii1i ()t iii
status of oxidative phosphorylation tively poor recovery iif mitochonldria (".' byh reeneOLrgi cedI Ilin(I hi iidi1.i N

-after ischemnia and reperfusion. In one from brains that are repertuIsed tOliiOW- during repertosiNi(n hIas iittenI been Cii*study using a rat model, mitochondri- ing incomplete versus complete .;t)- CdIS Ji piiten iJii (,Ii~Se lIt piis IN
al impairment did appear to progress minute ischemia. However, recent re- chemII ic1in1 ti Ch(i ndriAi I.a magC I L X
after 72 hours (if postischemic reper- suits, obtained with mitochondia iso- si- C (12V icCtlmolatIl in J c.iii cs
fusion.1-4 Clearly, more studies are lated from high and liiw lactate ant- either I siitic ivsis lint]Iirreversible
needed to assess the temporal rela- mials that were exposed to 3(0 minutes membrane disrtiptii nl Is r ri-versible
tionship between mitochondrial dam- Of reperfusion following I.; miniutes ot Inhibition ut Al P-stim"IUlatcd respira-
age and delayed neurological injury complete isehernia, sugg~est that lactic tion,21 The tormier i-vent probably

l)uring the early stages of postis- acidosis does not impair the ability iif does not icciir in brain mnitochondria
chemic repertusion, mitochondrial mitochondria to recover under these because 0i their oex1Yve-i% high capac-
Ca 2 ' accumulation may be Just as more moderate conditioins. I ity tor encrgy-cioupled Ca 2 - sequestra-
impoirtant as the synthesis of ATP in The poissibility that much of ische- tii'", however, brain initiichiindria
establishing at, intracellular environ- mnia-associated mitochondrial damage are particularly Susceptible ili inhibi-
ment thilt is adequate for neuronal is due to the deleterious action of tionl ot Oxidative phiisphiirylation bysurvival. Whein reperfulsion follows Ca2 '-dependent enizynmes (in miito- loads of Ca-? - that Could be reached V.
mitre than five minutes Of Complete chondrial components is quite attrac- during reperf Iusin. 2 

i This, in turn,
ischemia (where ATI) is completely tive, particularly in light of what is al- could retard the rate ot cellular re-
depleted")i, the respi rat Ion -dependent ready known concerning the involve- enlergizatmon, but It Would not explain

* process iof mnitochondrial Ca2 
' uptake inent oif Ca 2 in other forims oit the liiw rates ot mititchondrial ris-

is the only mechanism initially avail- cellular injury.]i There is little idirect pi ration in vitro be:cause isolated
able for lowering the concentration. of evidence, however, foir Ca? ' -activated mliiichondria normially dio not retain
cytosolic Ca2 - -The rate and capacity mitochondrial memibranec damrage in thie Ca2 - that is accuniii.lateil in vivO. .*of brain mitochiindria for accumulat- the ischeinic brain. The most widely Thus nil ditterences have been oh-
Ing Ca-? , are significantly depressed cited Ca2  -dependent degradative served in the content of Ca2 

' located
after I5 iir .30 minutes of ischemia; I~ enzyme is phosphol ipasc A2. This within in itochiiniria isolated trom
however, the nmaximal capacity for enzyme catalyzes the hydrolysis ot norm'ral, iscbetnic, and repertused rat
Ca2 ' sequestration does not decline polyunsaturatedl fatty acyl groups ecg, brain,,.i Clarification itf the role of
ats rapidly ats oxiidative phosphoryla- arachidonatel from memnbrani- phos- post-i schem ic initochondrial Ca 2 *tin does, and it appears to exceed phutlipids, thereby generating tree fatty accumuntlatiiin in the respiratory ac-What would be ni-cessary for the pre- acids and lysophospholipids. The inl tivitics ot brain mlitichiindria will de-
liminary buffering of cytosolic Ca2 

' vitro exposure iif iitochiindria toi pend onildeterminations of mitochon-
ttras much as 301 minutes of ische- phosphitlipasc A2 or its proiducts canl drial C[a.' leve l inSitu, Such as those

mia IF Hamrud and G Fiskuii, un- causi' extensivie initiichondnial Altera- that can hie accomplished with the aid
Ppublished results). t ions, iniclIudlinog inhibhitiiin ot ix i- i(it i'lectroin inicriiprib analyses. 22dlative phosphorylatiiit and ([a2 

' Thi poite'ntial tiir initiichonilrial in-Mechanisms of retention.',' These agents gent-rally tory byIN oxvgeni tree radicalsN diurinig in-Mitochondrial Damage cause anl increasi' in State 4 respir- comuplite ischemtia iir repertiisiiiii alsoThe primary factiirs believed tii be atioti iue to l an increawi in the leak- is, based pri niarilv onl in vitro studies.
in voiived in t he ida mage of bra in mess ot the mnitochoindrial icn-brani'. It Is well estAbi ishei that ( ),- and 0H)f1mitochoindria during ischemia and re- Because thiiis is not iObsiervied iii iso- cliii cau i' m I Iii niidri I Ii tn braiii

* perfusiiin are intraceilular lactic acidl- lated i schi-in ic brain iniiti chmndrial, Iipdi'iidton hc rstsnte
osis Ca -actiate deradaiveen- the direct involvement otl phospholi- Inhibit ion utin IllIi I intlrial rei-spid

zyme activities; mitochondrial ([a 2 p asi' A2 in thi' d aiage to this tiin 21 Braini iitoi indria havie beent
iivi'rloiad; and tree -raiical - itiI(Ldi cii irgiiclli' Is qistiotiable. Alsii, cii)in- shoii toi Ondcrgi sigtifticiant iteita-
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tions of State . (but not State 41 respi- ther potentiated by inhibition of respi- The involvement ot oxygen tree- rail-
ration in the presence ofi an oxygen- ration due to excessive mitocbondrial icals Ill ischernic mitoehondrial Injury
tree- radical-generating system con- Ca2 l accumulation. Reperfusion and could be probed tor, and possibly in-
sisting of hypoxanthine, xanthine incompktte ischema also could lead hibited by, several difterent drugs. Mi- k
oxidase, and Fe2 '.11 Hypoxanthine can to the generation of toxic oxygen free tochondrial lipid peroxidation inl vitro%
be generated during iscbemnia as a radicals which may also contribute to can be inhibited by the quinone1 corn1-
catabolic product ot adenine nucleo- mitochondrial inhibition by lipid per- pound idebenoniell and hv both chlor-
tides,2 1 and evidence exists that "free" oxidation. This last process is rela- promazine and mnepacrine. "- Chcla-
iron is liberated in the brain during re- tively slow, albecit self-perpetuating, tion of delocalized iron by desterri-
pertusion;2> thus this model system and may explain the delayed tissue oxamine also can act effectively ats a
may actually reflect one (if the patho- damage observed many hours or even scavenger of superoxide radicals; ~
logical events that occurs in vivo. The days after the ischemic episode. however, the effect of this drug onl mi-
contirmation oft this hypothesis will Intervention in the pathophysiology tochondrial respiration and lipid per-
require detailed biochemical deter- of ischemic mitochonldrial damage oxidation has not been reported. Thus
minations of the type and extent of can occur in several different ways. In- it will be particularly interesting to
mitochiindrial membrane lipid oxy- fusion oif ATP during reperfusion canl determine what relationships exist be- -

genation that occurs during in- elevate intracellular ATP 2t thereby de- tween the effects ot these agents on%
complete ischernia and, most impor- creasing the rate of glycolysis and in- delayed ischemic neurological imipair-
tantly, during extended periods of bibiting intracellular lactic acidosis. It mencit and the structure and function
rcpcrtusion. may also improve the recovery it (of the mitochondrial membrane. %

mitochondria by promoting anabolic%
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SPECIAL CONTRIBUTION
antioxidants, arachtidonic acid,
eicosanoids: iron. lipid peroxidation, spinal cord trauma F

,P .%

Spinal Cord Injury and Protection

Subsequent to traumatic injury of the spinal cord, a series of pathophysiolo- Douglas K Anderson PhD*
gicai events occurs in the injured tissue that leads to tissue destruction and Paul Demediuk. PhD.
paraplegia. These include hemorrhagic necrosis, ischemia, edema, inflam- Royal D Saunders-
mation, neuronophagia, loss of Ca2  from the extracelllar space, and loss Laura L Dugan*
of K , from the intracellular space. In addition, there is trauma-initiatedl Eugene D Means MD'LUoyd A Horrocks PhD'
lipid peroxidation and hydrolysis in cellular membranes. Both lipid perox- Cincinnati Ohio
idation and hydrolysis can damage cells directly; hydrolysis also results in
the formation of the biologically active pristaglandins and leukotrienes From the Medical Research Service
(eicosanoids). The time course of membrane lipid alterations seen in studies Cincnnat VA Medical Center and the
of antioxidant interventions suggests that posttraumatic ischemia, edema, Department of Neurology University of % 

-
,

inflammation, and ionic fluxes are the result of extensive membrane perox- Cincinnati College of Medicine I"
idative reactions and lipolysis that produce vasoactive and chemotactic Cincinnati * and the Department of
eicosanoids. A diverse group of compounds has been shown to be effective Physioogical Chemistry The Ohio State
in ameliorating spinal cord injury in experimental animals. These include University Columbus Ohio t
the synthetic glucocorticoid methylprednisolone sodium succinate (MPSS);
the antioxidants vitamin E, selenium, and dimethyl sulfoxide (DMSO); the Presented at the 1985 UAEM IRIEM
opiate antagonist naloxone; and thyrotropin-releasing hormone (TRH). With Research Symposium in Orlando Florida
the exception of TRH, all of these agents have demonstrable antioxidant February 7-8. 1985 e
and/or anti-lipid-hydrolysis properties. Thus the effectiveness of these sub- % %

stances may lie in their ability to quench membrane peroxidative reactions The work was suIppcrted by the Veterans
or to inhibit the release of fatty acids from membrane phospholipids, or Administration and by NIH Research
both. Whatever the mode of action, early administration appears to be a Grants NS-08291 and NS-10165 and
requirement for maximum effectiveness. [Anderson DK, Demediuk P Saun- Training Grant NS-07091
ders RD. Dugan LL, Means ED, Horrocks LA: Spinal cord injury and protec- A.ds rn o A
tion. Ann Emerg Med August 1985;14.'816-821.1 Address for reprnt~s Douglas K Anderson '. ,PhD. Veteran,, Administration Medical %

Center 127) 3200 Vine Street Cincinnati.INTRODUCTION Ohio 452200
Spinal cord injury is physically, psychologically, socially, and economically O

devastating. It has been estimated that the annual incidence of spinal cord
injury in the United States is 40 per million population, or about 10,000 new
cases per year.' The most frequent victims are young men injured in auto-
mobile accidents. Currently there is no accepted, specific treatment for acute
spinal cord injury, primarily because the pathophysiological events involved
in posttrau matic destruction of spinal cord tissue are only beginning to be
understood.

Trauma to the spinal cord triggers a progressive series of autodestnictivc
events that lead to varying degrees of tissue necrosis and paralysis, depending
on the severity of the injury. Pathological changes that occur in traumatized
spinal cord tissue include petechial hemorrhage progressing to hemorrhagic
necrosis; lipid peroxidation; lipid hydrolysis with subsequent prostaglandin
and Icukotriene leicosanoid) formation; loss of Ca-' from the extracellular
space anC loss of K - from the intracellular space; ischernia with consequent
decline in tissue 0, tension and energy metabolites and development of lac-
tic acidosis; edema; and inflammation and neuronophagia by poly-
morphonuclcar lcukocytcs I'MNI. .  %

In spite of extensive investigation, the mechanisms responsible for the mi-
twition and propagation of these pathophysiological and pathochernical . .
events remain undctectcd. RcenWt evidencC suggests, however, that the over-
all initiator of this autodestructive cascade of events is mechanical deformia-

111 )I any type lie, II11pact or co lmpression ), and that the primary sites of
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SPINAL CORD INJURY
Anderson et al

TABLE 1. Cholesterol and 25-hydroxycholesterol levels in
cat spinal cord following compression injury

Control' 1 mint 5+10t 5 + 15t 5+30.
Cholesterol* 6.9 ± 0.1 6.1 ± 0.2 6.0 ± 01 5.9 ± 02
25-OH cholesterolt 8.5 ± 0.4 9.5 ± 2.0 13,3 - 3 1

Values are means of four cats ± SEM Units are Rmol cholesterol/iimol sphingomyelin
t Values are means of three cats ± SEM Units are mg 25-OH cholesterol/p.moI sphingomyein

tThe times are control (laminectomy + 90 mm stabilization). 1 min compression (170 g). 5 4 10. 5 + 15, 5 + 30 (5 min compression
plus 10, 15. or 30 min recovery, respectively)

injury are the cellular and subcellular gators have used different animal spe- radical attack. Lipid peroxidation is
membranes of neurons, glia, and vas- cies, injury models, and methodol- the oxidative degradation of polyun-
cular endothelial cells.3 Lipid perox- ogies for measuring blood flow. saturated lipid. These reactions in-
idation and activation of membrane Despite these difficulties, it appears volve the direct reaction of oxygen-de- . %
lipases, with release of fatty acids that ischemia, although probably sec- rived radicals with lipids to form lipid
leading to production of eicosanoids, ondary to more basic cellular response free radical intermediates and fatty
are the earliest mechanically stimu- to trauma, figures prominently in the acid hydroperoxides.7 Lipid peroxida-
lated biochemical events described death of spinal cord tissue following tion can be a geometrically progress-
thus far." injury ing chain reaction of radical reactions

This article reviews the pathophys- The histopathology of experimental if the proper conditions exist leg, if %
iology of acute spinal cord injury in spinal cord injury provides some im- catalysts such as iron, which acceler-
relation to, and with special emphasis portant clues to the pathogenesis of ates the reaction rates, are present).
on, posttraumatic membrane lipid spinal cord autodestruction. Histo- l)emopoulos and his coworkers
changes. Therapeutic agents shown to logically the cardinal feature of spinal have supported their free radical hy-
be effective in restoring neurological cord injury is progressive hemorrhagic pothcsis of spinal cord damage with
function following spinal cord injury necrosis of gray and white matter in studies of free radical or peroxidation
in experimental animals are reviewed, the first 24 hours following trauma. 2  chemistry in traumatized spinal cord
as are their proposed modes of action. This pattern and the prominent extra- tissue from one hour to six weeks
Our concept of the sequence of events vasation of blood into the spinal cord after injury Utilizing a 4(X)-g/cm con-
leading to posttraumatic autodestruc- within minutes of injury led l)e- tusion of the cat spinal cord, they
tion of spinal cord tissue is described. mopoulos and his coworkers to pro- found increases in tissue levels of

pose that free-radical-induced lipid malondialdehyde (a byproduct of pe-
PATHOPHYSIOLOGY OF peroxidation (catalyzed by some com- roxidized PUFAs), I(6 and in specific
SPINAL CORD INJURY ponent of blood, such as the transition cholesterol free radical oxidation prod-

Until thirty years ago, physicians metals iron or copper, and/or hemo- ucts. 5 Tissue content oif the anti-
and investigators believed trauma to globin degradation products, such as oxidant ascorbic acid was decreased,
the spinal cord caused disruption of hematin) may be involved in microcir- as were the PUFAs arachidonate and
the long fiber tracts, resulting in im- culatory injury and autodestruction of docosahexanoate, and "extractable"
mediate and irreversible damage to spinal cord tissue.i 4 it, cholesterol.44' 
spinal cord tissue. In the mid 1950s, Recent evidence from our laborato-
however, Freeman and Wright 4 sug- Free-Radical-Induced ry also suggests that pcroxidative reac-
gested that the actual determinants of Lipid Peroxidation tions occur in traumatized cat spinal
posttraumatic neurological deficit are Free radicals are molecules that cord shortly after iniury. Thirty min-
pathological events that occur in the have an unpaired electron and, conse- utes after tcrmination of five minutes
tissue after the mechanical trauma; quently, are generally reactive chem- oif compression trauma, tissue levels
prominent among these posttraumatic ical species. Free-radical-mediated ot the endogenous antioxidant alpha-
pathophysiological processes is a sub- tissue injury is the result of uncon- tocophcrol {vitamin El were cssen-
stantial decline in blood flow in the trolled, abnormal reactions of these tially zero. Tissue cholesterol levels
injured tissue. Subsequent studies species with various cell components. fell I1% after one minute of compres-
have supported an ischemic etiology Although a variety of free radicals ex- sion, and were 15% below control
for postinjury tissue destruction, - " al- ist, the non-lipid free radicals of lni- values ,t mnLutcs alter termination of ,
though other investigators have ques- portance in spinal cord injury appear five minutes of compression (Table 1).
tioned whether ischemia is the initiat- to be those derived from the univalelt Also at 30? 1ltlites postcoipression
ing or principal cause of posttraumatic reduction of oxygen - ic, the supcrox- there was a 61", increase in the tissue
tissue necrosis. ' ) I ide anion (0, ), hydrogen peroxide levels Oif 2 ,-hydrxycholestcrol, an %

It is difficult to assess the laboratory (H, 0,1 and the hydroxyl radical auto-oxi xation product of cholesterol
evidence for the contribution of post- (OH. polyunsaturated fatty acids ('lIle 11.
traumatic ischemia to the destruction (PUFAs), which are found largely in In addition, we have shown that Iv-
of spinal cord tissue, because investi- membranes, arc very susceptible to els of the tree fatty acid lFFAl arach-
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TABLE 2. Arachidonic acid anrd icoxttno,'d Jjcvji'l it) cat

Control 1 mint 5 mint 54 5' 5 +15t 5 430!
Arachidonatet 0.13--0.06 0,39--0.09 2 65 -0.39 252±045 1 52 045 0 34 ±0 18
PGE §1 076,-0.61 0,84-097 4 77±294 21 51,7,26 20,69--743 20.23-731
PGF,x~I 1 04±-092 2.30--063 272±1 45 10.66-5 11 1345-291 2509±6,01
Proistacycin' 0,46 ±0 42 0.78±,0.42 2,42±-208 2 62±-1,58 1 87-1 09 222-±134
Thromboxanel, 092--079 1.19±079 1 45±-088 9 14±2 10 939±3 12 1269±335
SRS ,I1  ND ND ND ND 0925±0 111 0571 ±0314

*Tevalues are the mneans of tour samples -SID
The times are control (laminectomy f90 min stabilization). 1 min and 5 mim of compression (170 (1) 5 15. 5 4 15. 5 130 (5 min
compression plus 5 15. or 30 min recovery respectively)

tResults expressed as nmol Itrmol total lipid phosphorus
,Results expressed as pmol.&tmol sphingomyelin
Abbreviations are PGE, (orostagiandin E,.) PGF, (prostaglandin F;-'). SRS (slow reactive sulbEtances. primarily leukotrienes C,1 D,1
and E.11

ND not detectable

idonate and the products of arachi- tissue, lowing traumna. MPSS is a potent anti-
donate oxidation (prostaglandin E , The argument that lipid per(,xi- oxidant, hut the extent to which this ..

I PGE,I, F,- IPGF '-, anid thrombox- dation actually damages tissue is glucocorticoid reduces postitraumaitic
ane Itx,j) were elevated many-fold in strengthened when agents known to tissue dlamage by antioxidant mecha-
cat spinal cord immediately following extinguish free radical and perox- nisins remains unclear because of its
compression trauma. Free radicals arc idative reactions can be shown to pre- other actions.
generated during the oxidative cata- vent or reduce post trau matic tissue We treated another group (it cats
holism of arachidonate that produces loss and paraplegia. We have demnon- orally with 1,000 IU alpha-tocoplierol
the prostaglandi n enidopieroxides, iS strated that one agent with antioxi- and 50 l-g selenium daily for five dahys
thereby adding to the free radical load dant properties, mecthylprednisolone prior to spinial cord compression trau-
of the tissue. sodium SUCCinate (MI)SS), is effective ma. preliminary findings reveal that I

We have demnonst rated acute post- in reducing posttraurnatic neurologic three of five treated cats showed better
traumatic inflammation and plia- deficit anid tissue loss in experimental neurologic recovery anid less tissue ne-
goicytosis oif neuronal perikarya by animals.211 Cats were Subjected to crosis than untreated controls tin11-
PMNs in spinal cord gray matter.",' compression trauma of the spinal cord published study). The other two treat- '
Production of tree radicals by phago- (170 g/5 min). One hour after injury, ed cats had a poor to moderate re-
cytic lPMNs Would also add to the the cats were given M PSS intra- covery. Hall et al.' have recently dler-
level of these species in traumatized venously, 15 mng/kg/daLy for two days onstrated that Pretreatmn-t of eats
tissue. in three divided doses per day; fol- withI the sa me reginmen of alpha-

'The findi ngs described serve to) lowedl by M PSS intramuscularly 15 tocopherol and selenium prevented
demonstrate that perox idat ive pro- mg/kg for one day, 7..S mg/kg/day for poSttratiimtti3C ISebemiIa comIpletely In
cesscs are operative in spinal cord three days, and 3.75 mig/kg/day for white matter for the first four hours
tissue after trauma; however, the actu- three days. The total treatment period after injury.
Al role i f these peroxidative mecha- was inte days. Steroid-treated cats Unolike M PSS, alpha-toci ipherol and 1
ni sis in contributing to postt rau - showed earlier and more complete re- seleiii Li il appeiar to f unet ion )u rel
natic ;iUtodestructionI of spinal cord covery of neurologic function (1 it s ant Oixidlants ort radical scavengers.
tissue must be Inferred. P'erhaps lipid .001) and greater tissue preservation (P Alpha -t tophevro i intercalates Into Cel
pcrt xidation is an epipherinmnon or . .005) than did Injtored, Utit atd Iniinbranes, and term tilates the chainl
merely a -scavenging mechanism (if al- conit rols. .' 'The f in dinig thIiat the reactnin Of Ilipid iCn XIdat1(ii n 1wi at-
ready dlead tissue. O n the other hand, gI ococort icoid M PSS is ;I powert tl IlIg With IIlipid~ perIOXVte radi c.1,iCIIs
lipid peroxidation may actually con- antioxidant in large doses'l isuggests to torm t1)icimpherol tLtIUICiiS aiml
tribute to pi ttraumnatic tissue neccro- that it may exert Its IIV itctI CI y tCtet d nIerIS. '' It aJIMt AeTs aS a1 Il~dri iet
sis anid paralysis by participating in onl damaged spinal cord tissue (ItII p)At donor ort reducing agent filr Ilipid Pt'!* %

* the destruct ion of viable eellIs anid by quechinCI~ g tree-radical -Uiduced per- oxkides. I~ the "(Ic IiiLiill -ct~tii a iiiti
axons. The early onset of peroxidative (ixidlativc reactions. ( dociico(rt iooidS enzyme * 0loithii iou pet iSitis helps
reactions in traumnatized tissuie lie, possess several pflpi-tics inT additlIn em1OVeL 111,IiiS bis o pCHrtiJidattin h\

* Within oneC to five- minutes postiiljury) toi their atitioxidant capa)bilties, hMA-. k1iu-VI1ntialvII 1lMTlik ing InticLo111ir
is cotnsistent with the hypo~thesis that ever, all (of which etiild etintribute to If I A), to 11 ,t I, And b\ teLcitig faItty
ptrixCidatioIn is occurring in viable the prote'ct(ion (It sinal.1 Cord tiSSueC til i id l1\IIvl)Cipeixides I lieSe SItidie'
14 8 AspI j-t 198 Annals of Emergency Medicine 818 1
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SPINAL CORD INJURY
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dallular melbrane

FFAs '..-'suceptible" 4- membranes "s8usceptible' -mp. lipid
(arachidonate) phospholipids (neuronal. glis. vascular) p oapholipid peroxidation

iipo- cyclo- ca

oxgeas oygnae membrane .4. phos.pholipase -4- blood --0 free radical --lo free radical
phospholipase(s) "act ivators' in tissue "activators" formation

A(bradykinin, thrombin) F

prostaglandins

leukotrienes .

inflammation-1 %__ _ __ _ _ _ _

platelet -4-- lipid
'Paggregation hydroperoxides

vasoconstriction

membrane phospholipid
fragmentation

membrane destruction

&1.edema ischeuia cell death

paraplegia

Fig. IOirani of proposed mechanisms chemotact ic factors were liberated within five minutes postcoimpression,
damnaging cellular mnemrbranes subse- from neurons following spinal cord IPGE, and PGF~x were elevated 24-
quent to traumna that leads to) seco~nd- trauma. Potential chemnotactic factors and 10-fold, respectively. Aftcr,30 min-
ary pathophysiological events (ie, include oxygenated fatty acids gener- utes, the tissue PGF, f concentration
edemra. ischemia, and inflammation), ated by free-radical reactions, or Ieu- had risen 24-fold abo-ve preiniury lev-
tissue necrosis, and paralysis. kotrienes generated from free arach- els. Thromnboxane levels also we're in-

idonic acid by lipoxygenase. creased 10-fold within tive minutes
Thle finding of an acute inflamnmato- after release from five minutes of W

provide preliminary evidence that ry reaction in traumatized spinal cord compression iTable 21. There were no
lipid peroxidation is involved in post- tissue suggests the possibility of a significant Changes In tissue pros-

*traumatic destruction of viable spinal trauma-induced activation of mern- tacyclin levels during the 30-minute
*cord tissue. brane lipases. These lipases Would by- post corn press ion period.

drolyze membrane phiispholipids, We found recently that slow reac-
Lipid Hydrolysis thereby liberating arachidonic acid tive substances (SRS; IC, ILukotrienes

Another prominent histological fea- (and other fatty acids) to serve as the C1, D, and £ ,1 were subIstantially eie-
ture of spinal Cord injury is the phago- substrate for cyc lo-oxygenase and va ted in trau mat ized spinal cord
cytoisis of neuronal perikarya by lipoxygenase. We have shown that im- tissue. These lipoxygenase products
PMNs. " Four hours after compres- mediately after compression trauma Increased from undetectable levels in
sion trauma to the spinal cords of to the spinal cords of cats, there is tininjured tissue to 0.9 pinol by 15

*cats, PMNs were apparent in the walls substantial lipid hydrolysis, demron- minutes after termination of five mmi-
of, and adjacent to, veins and ventiles, strated by increased levels of FFAs and Wies of compression liable 21. This
but great numbers of IiMNs were not prostaglandins in the traumatized finding in~dicates that both the Cyclo- ~
observed in tissue until eight to 24 tissue. Of the individual FFAs assayed, oxvgenase and lipoxvgenase pathways

*hours after iniury. Acute inflamma- arachidonic acid had the largest rela- irc operative in t rauim 1"dized spinal
tion was especially prominent in areas tive increase 120-fold after five miin- coird t i ,sii and thait product s fromn
of hemnorrhage, and in these areas u~teS of compression) I'Table 21. ci ther my contribIue to the mIntiat ion -

PM Ns frequently Surrounded and Tissue prostaglandin levels were on1- or p lpa ion Jor bh of post- -
phagocytized neuronal sonmata. This altered duning five inmutes ot coin - trIaIIiiiatic spinal Col rd ischli miia, -N'

phagocytosis of neurons indicated that pressioii injury T-1able 21, however, edemaIn, and of l,1immati1on.
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TISSUE AUTODESTRUCTION: endothehal prostacyclin synthetase hy act aS an anti xidaint i cIrcumstances
A HYPOTHESIS lipid hydroperxideis.-'" The nidus for Involving metal-catalxzcd lipid perox- - *,

Our hypothesis of the mechanism the formation ot platclet thrombi idation. " 1 )MDS() is also miurprted to
leading to the autodestruction of spi- could be crater-like lesions in the en- be a tree radica.l1 scavengCr. The
nal cord tissue begins with the trau- dothelial membrane caused by tree data permit speculaltio1n that these
matic disarrangement of neuronal, radical reactions.2' Posttraurmatic agents may be acting, at least in part,
glial, and endothelial cell membranes vasoconstriction of the spinal cord through a common mechanism to re-
jFigure). This mechanical perturbation vasculature also could be enhanced by tard the ettects oif spinal cord iniury,
of cell membranes could dislocate or elevated levels of PGFx and SRS. by quenching the peroxidative rcac-
decompartmentalize endogenous cl- Therefore we suggest that the pri- tions associated with this inlury. It has
lular iron and/or Ca2 * from inactive mary site of early cellular damage fol- been demonstrated that bi nding ot
stores and activate membrane lipases. lowing spinal cord injury may be the TRH results in great changes in the
Subsequent to the initial traumatic plasma membrane. Resulting from, fluidity of the lipid region I pItuItary"
event, Fe2 - hematin, and other free- and contributing to, this membrane membrane, ' hut it remains to be de-
radical-generating hemoglobin degra- injury is a potential cascade of interre- termined whether TRH has any anti-
dation products extravasate into spi- lated pathochemical events that could oxidant potential.
nal cord tissue, thereby accelerating play a prominent role in the post- Also to be determined is the etfec- ."

the free-radical-induced lipid peroxida- traumatic autodestruction of spinal tiveness of these agents (and perhaps
tion of membrane PUFAs and choles- cord tissue, others in amelihrating the effects ot
terol. Additionally, clotting factors spinal cord iniury in human beings. It
(such as thrombin) and products of co- EXPERIMENTAL THERAPIES may be that individual pharmacologic
agulation (bradykinin) extravasate into As discussed above, the synthetic agents are not maximally effective;
spinal cord parenchyma with blood glucocorticoid MPSS, or the antioxi- perhaps combinations of these -or
(along with the Ca2  mobilization in dants alpha-tocopherol and selenium, other) agents will be necessary. Our
cells and the production of free radi- enhanced neurologic recovery in cats data demonstrate that membrane lipid
cals), and support the activation of subjected to spinal cord compression changes begin within one to five min-
membrane lipases and the liberation injury. In addition, there are other, ap- utes of iniury. This suggests that, tor
of fatty acids, including arachido- parently unrelated, substances that maximum effectiveness, any therapy
nate. This stimulation of membrane have been effective in reducing the should be started as soon as possible
lipases, together with the loss of posttraumatic neurological deficit of after injury, ic, at the accident site. As
membrane cholesterol and lipids by experimental animals. De la Torre re- the understanding of the basic pa-
auto-oxidation, can damage cells by ported that the solvent dimethyl sul thophysiology of spinal cord Inlury in- r.
altering membrane structure and per- foxide (DMS) accelerated motor re- creases, and as the need for early and
meability. These membrane altera- covery in dogs subjected to impact intensive pharmacologic therapy is ap-
tions could account for the rapid de- trauma. 2 The opiate antagonist preciatcd, substantial improvement in . .l
crease in extracellular Ca 2  and naloxone also has been shown to be the neurologic recovery ot spinal cord
intracellular K I that is seen after in- effective in improving neurological re- injury victims should be expected.
iury.14 Edema formation caused by in- covery following impact trauma in . -.,,
jury of the spinal cord micro- cats. 29 ,

3
2 In addition, naloxone signifi- REFERENCES

vasculature could be exacerbated by cantly improved posttra, niatic blood I. Bracken MW. Ireeman I)t1. Ilcllcn- .
the liberated PUFAs particularly flow in both gray"1 and white iat- brand K: In,.Cidnc, , Ic t IullllaltlC
arachidonate) and by certain of the tcr, ". . and preserved somatosensory- hospitalzcd spiiial cOld Imrv m the "'.C
leukotrienes. evoked potentials following tra Li- United Statcs, 197(_19

-
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Arachidonic acid is metabolized by ma. 12 1' Recently Faden and his co- 198111 J 61 -622
lipoxygcnase to produce leukotriencs workers demonstrated that treatment _ ,eans LI) AiIdcrs,,n I)K: The pa-
and by cyclo-oxygenase to produce with the neuropeptide thyrotropin-re- t a0phs ilt0\, acute spinal cOTd tnlur v.

prostaglandins. Certain of the leuko- leasing hornmone JTRH) enhanced ncu- in I)avidtilt RA edI tu, w,< ili,- h" i
trienes may be the chemotaxins re- rologic recovery from spinal cord Inju- uial :,,nrl Marcel IDckkci 'ubhiShc , vol
sponsible for the migration to, and ry in cats. a. ' Their data indicated in prs, 196
phagocytosis of, neurons by PMNs. In that TRUI was more effective than * Icmednuk I! ', aundcr, RIP, Anderson '- ,
addition, both leukotrienes and pros- either naloxone or dexanethasinc in I) K. ct al Mcibiane lipid changcs iln
taglandins are vasoactivetl i', Throm- promoting posttraumatic neurologic .icI in ized ,iid iaIai cid cat spi -
boxane is a potent vasoconstrictor recovery. nil V,11,l.I',, N ,ut 1 i i ' I,' ' ' 5,..
that promotes platelet aggregation, The mechanisms underlying the ct- 1 1 s.
whereas pristacyclin is a vasoidilator fectiveness of this diverse group Ot 4 11CeJnan 1 ,i kh I\\ Lxpcricntal ..'...
and antiaggregant.ll Thus the post- agents are unknown. There Imav exist ,llik' inl tssil nlid a ilto ll'nt"isti
traunlatic decrease in spinal cord a Commnlallllaality among these con- ,I tc piniil TI l t %')n "-t'.I.
blood fliw may, in part, be due io pounds that is not iniinediatehv appar- I 1 ..
platelet thrombi and vasoconstriction enlt. As indicated earli-r, NINSS and ( i.l01t1, IR Sn.iI ,, d hlum t,, ,k
that are ,iionsequent to the increase in alpha-tocopleriol and selncillull .'11k:, ,tt 1 1 \n I', IlWn t n,1tl 1iiiM\ Ill

tnronboxane synthesis rclative t(i potent inti oxidants. Naloxone has ,,, I \ i.. , It,, .
that ot prostacyclin. been shown to Inhibit ion-catlhzcd , ,h . t I, ,n.i spl I

The lack of piostacycln synthesis peroxidation In liposonies, which su g ,l ..... h t, ,t liT,
may derive from th- inactivition of gests that this iiplia nt-lgoill ct Cl1 tia n I V ... ' I !u i
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SPECIAL CONTRIBUTION
motor vehicle safety
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Motor Vehicle Safety

IThis doculment was developed by the American College of Emergency phy- American College of
sicians public Relations Committee, and was approved by the Board of I),- Emergency Physicians .

rectors on April 25, 1985. American College of Emergency Physicians: Motor Dallas, Texas
vehicle safety, poition paper Ann EiIerg Med August 1985;14:822-823.1

Address for reprints American College of .0

Emergency physicians are usually the first medical professionals to treat Emergency Physicians, PO Box 619911.
victims of motor vehicle accidents. Frequently they also minister to the fam-

ilies of victims who have died or suffered permanent injury.
In response to this human loss and tragedy witnessed by emergency physi-

cians every day, the American College of Emergency Physicians (ACEP) has
adopted the position that traffic safety measures must be mandated and
enforced when possible. Safety laws are not an infringement on individual
rights; they are a means to reduce the morbidity and mortality rates stem-
ming from motor vehicle accidents, and to permit reallocation of society's 7
resources to more beneficial programs.

The following laws or regulations should be enacted and enforced:
Require motorcyclists and riders on all other similar vehicles, including

but not limited to mopeds, bicycles, snowmobiles, and all-terrain vehicles, to
wear helmets. 

J.1

* Require motor vehicle drivers and passengers to wear seat belts.

* Require passive restraints in all new car models manufactured after Sep-
tember 1, 1989. e

- Require that all children under age 4 or under 40 pounds be restrained in
approved child restraint seats whenever riding in a motor vehicle.

- Require for drunk drivers a combination of mandatory rehabilitation pro-
grams and mandatory legal sanctions, such as suspension of the driver's li-
cense or a defined jail sentence.

" Establish a national legal drinking age of 21.

" Support "dram shop" laws that establish liability against any person who
serves alcoholic beverages to an individual who is visibly intoxicated.

* Prohibit consumption of alcoholic beverages in motor vehicles.

* Prohilit possession of open alcoholic beverage containers in the pas-
senger compartments of motor vehicles.

- Create a dedicated funding source within states and municipalities from
I)UI offender fines and fees to increase efforts in enforcement, prosecution,
adjudication, education, and treatment of offenders.

- Establish an "implied consent" statute that provides that all licensed driv-
ers have given their consent to blood, breath, or urine tests that will deter-
mine alcohol or drug concentrations.

* Permit police officers to use preliminary breath tests, and permit these
tests to be admitted as evidence in I)UI trials.

* Require mandatory testing of alcohol and drug levels of all fatally injurcd
drivers and all drivers who are involved in a fatal or serious personal injury
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MOTOR VEHICLE SAFETY
ACEP

I.."

crash in which there is probable cause to suspect substance • Research to determine the causes ot automobile acci-
abuse, dent morbidity and mortality, to identity measures to re-

ACEP is strongly committed not only to legislation on duce this morbidity and mortality, and to monitor the effec- -
these issues, but also to the following: tiveness of public education programs and the impact of

legislation. . -

" Public education and awareness programs. ACEP encourages its members, as physicians and cit- %
" Education and awareness programs for physicians and izens, to take the lead in motor vehicle safety activities at

other health care professionals. the local, state, and national levels.
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Proposed Amendments to the
American College of Emergency Physicians
Constitution and Bylaws

Prepared for the ACEP Council Meeting, September 7-8, 1985, Las Vegas, Nevada. . -

(Underlined information in the body of a resolution denotes a proposed addition; information lined out denotes a

proposed deletion.).4

RESOLUTION 1: Councillor Allotment

Whereas, The ideal and fairest form of representation is a bicameral system with one part being elected based on population (House of _.,
Representatives model) and one part being elected based on geography (Senate model); and'. yK

Whereas, The only elected representation from chapters in the American College of Emergency Physicians is based on population; and%
Whereas, The cost of a bicameral system would be prohibitive for the American College of Emergency Physicians; therefore be it ...
RESOLVED, That Council membership be provided by a sliding scale based on population using the following formula: Each chapter shall "-

elect one councillor for each 75 members for the first 300 chapter members, and each chapter shall elect one councillor for each 100 members "

p.

for the next 400 members, and each chapter shall elect one councillor for every 150 members over 701; and be it further
RESOLVED, That the ACEP Constitution, Article V Section 1, be amended to reflect the above resolution. ..

Submitted by: Hawaii Chapter

RESOLUTION 2: Submission of Resolutions ", -

L*,,

Whereas, The Council of the American College of Emergency Physicians must act on all resolutions submitted to it according to the ACEP
Constitution and Bylaws; and

Whereas, Many resolutions ar submitted to the Council after the mandated time rame e8,ergency resolutions) specified in the

Constitution and Bylaws; and .d.,Whereas, These last-minute resolutions tend to disrupt the orderly function of the formal Council meeting; therefore ba it

RESOLVED, That the ACEP Constitution, Article V Section 4, be amended to require that resolutions submitted after the time frame •r -
stated in the Constitution and Bylaws must be submitted to the Steering Committee for review at their meeting immediately prior to theannual Council meeting; and be it further

RESOLVED, That the Steering Committee will evaluate the need to submit the resolution to the Council during that iar's annual
meeting; and be it further p n eo h n l

RESOLVED, That if the Steering Committee deems the resolution not to be of an emergency nature, it may postponp action on the
resolution to the next annual meeting, and will consider the resolution or for vey su mmer nor 701;ing and be it further

RESOLVED, That emergency resolutions submitted on the f borof the Council b handled as currently described o n. the Cnstitution and

Bylaws.Submitted by: Council Steering Committee

RESOLUTION 3: Board Action on Council Resolutions

Whereas, The American College of Emergency Physicians Constitution is unclear on what action the Board of tircctors nay take E it".
wishes to amend a Council resolution in order to add clarity to the language referred by the Council; and

Whereas, This has caused confusion when the Board has desired to amend a Council resolution; and
Wherea.Sometimes resolutions referred to the Board by the Council are unclear in intent and the Council officers ar unable to interpret

the specific actions requested by the Council; therefore be itn tfm C c ei h fr
RESOLVED, That the ACEP Constitution, Article VI, Section , be amended to read: The Council shall have the right and power to advise

and to instruct the Board of Directors regarding any matter that might affect the College. The Board of Directors shall be requred to comply
with and implement any and all resolutions, actions, or appropriations enacted by the Council, except that the Board of uig rtctors ay
overrule or amend such instructions by a three-quarters vote of all of the Board of Directors provided that such an amendnt shall not
change the intent or basic content of the resolution. Such . sorulug actions to overrule or anmend ch shall include the ti .d vote
of each member of the Board of irectors and the position of the majorit and be presented at the next manting of the Steering Committ e
Suni trr :o Counciln; .r the Board 4 'ireeor.. The Steering Committee may approve the language of the Board, in which case
rwsolution becomes complied with and implemented. cith a gr r bhC i n

Further, if the Steering 0)mn-uttcc dsappio w s the language of the Board, the r esolution ;s considered overruled and aS ndturned to the
Counc at the next annual meeting hhunCst

156 Annals of Emergency Medicine 14 8 ACLeUS1 1985
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The Board of Directors must respond to all questions presented by the Council within such time and manner as the Council shall determine,
except that the Board of Directors may postpone action on Council resolutions for no more than one Board meeting
Submitted by: Council Steering Committee

RESOLUTION 4: Council Officers as Voting Board Members

Whereas, The speaker and vice-speaker are important leaders of the College; and
Whereas, The speaker and vice-speaker currently attend all Board meetings but are without a vote or the privilege of making motions; and
Whereas, Participation by the speaker and vice-speaker in Board activity is essential to the operation of the College; therefore be it
RESOLVED, That the ACEP Constitution, Article VII - Officers and Board of Directors, Section 2 - Board of Directors, be amended by

addition to read: The management and control of the College shall be vested in the Board of Directors, subject to the restrictions imposed by
the Constitution and Bylaws. The Board shall consist of 12 elected members end plus the immediate past president, except that the Board
may consist of only 12 elected members when the immediate past president serves as such within his term as an elected Board member.
Additionally, the speaker and vice-speaker shall serve as ex officio members of the Board with full voting privileges. If a member of the Board
of Directors is elected to the office of president-elect in his final year of his elected Board of Directors' term of office, then he shall also be a
member of the Board in his term as President and past president. In no instance may an elected member of the Board of l)irectors sit as a
member of the Council, and if a councillor should be elected to the Board of Directors, he shall forfeit his office in the Council immediately
and the vacancy shall be filled as provided in the Bylaws.
Submitted by: Council Steering Committee

RESOLUTION 5: Speaker as Voting Board Member

Whereas, The Council of the American College of Emergency Physicians may be the most important advisory and decision-making
organization in the American College of Emergency Physicians; and

Whereas. The Council lacks voting representation on the Board of Directors; and
Whereas, The speaker of the Council is elected by the Council to represent the Council in matters before the Board; therefore be it
RESOLVED, That the speaker of the Council be a full voting member of the American College of Emergency Physicians Board of

Directors; and be it further
RESOLVED, That the ACEP Constitution, Article VII, Section 4, be amended to reflect the above resolution.

Submitted by: Hawaii Chapter

RESOLUTION 6: Speaker on Executive Committee

Whereas. The ACEP Constitution specifies that there are six officers of the College - President, vice-president, president-elect, secretary-
treasurer, speaker, and vice-speaker; and

Whereas, The ACEP Constitution specifies that the Board of Directors may appoint an Executive Committee consisting of the President,
president-elect, secretary-treasurer, vice-president, and immediate past president to act on behalf of the Board subicct to ratification by the
Board at its next meeting; and

Whereas, The ACEP Bylaws states that the speaker shall strive to inform the councillors of the activities ot the College, and
Whereas, The speaker should be a member of the Executive Committee like other officers of the College; therefore bc it
RESOLVED, That the ACEP Constitution, Article VII - Officers and Board of Directors, Section 4 - Executive Committee, be amended

by addition to read: The Board of Directors may appoint an Executive Committee consisting of the President, president-elect, secretary-
treasurer, te vice-president, and-the past president, and speaker. The Executive Committee shall have the authority to ct (n behalf (t the
Board subject to ratification by the Board at its next meeting.
Submitted by: Council Steering Committee

RESOLUTION 7: Robert's Rules of Order

Whereas. Robert's Rules of Order is more widely published and understood than Sturgys. Sttidard Code o Iarnimcnttark I'rmcdurc,
which is currently the parliamentary authority for meetings of the College and

Whereas, one previous Council meeting lacked a parliamentarian because none familiar with SturgiN was avalabl, therefore be it
RESoLIVE!), That Chapter X, Section 5, of the ACEP Bylaws he amended by the substitution of Robert ' Rules (it ( )rder tot stur.ivN.

Standard Code of I'rw~n~rvProcedure. J
Submitted by: Thomas Stair, MD %,.
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Abstracts of the 1985 Scientific Assembly,
American College of Emergency Physicians

*/Editor's Note. The following 12 abstracts wHi lie presented at the ACE!' Sc ietific A ssnib,I in tas Vga o ra TueIsdlay
* September 10, frorn noon to 2 pmn and Wednesday September 11, from inoon to 2 pin. Tihe Scientific I-riiin is schcliiled to

accommodate a question arnd answer period following each presentation. All 1presc'ntai ionswil III tli:,'it for tile SI .000
Micromnedex Award for Best Original Scientific Paitper, arid all resident presentations tire -ligible for flte S2.(J Annials Awaord
for Best Resident Papiler.!

Reioa Blo Flow During External CPR with chest pain is difficult. Two hundred ventilation/pertfusion '
FolowngHypothermia-lnduced Cardiac (V/Q) scans in patients less than 4(0 years old were reviewed.

Arrest Charts were selected at random from the V/Q files of the pre-
PA Maningas (presenter), LR DeGuzman. SJ Hollenbach, KA Volk, VIOLIS 15 years. Thirty-one historical, clinical, and laboratory
RF Bellamy /Division at Combat Casualty Care. Letterman Army values were evaluated. The alveolar-arteriolar IA-a) gradient was '-

Institute of Research. Presidio of San Francisco. California evaluated as aI screening test prior to V/Q scanning. Intermittent
Controversy still remains over the efficacy of CPR in the chest pain, pain resolving prior to V/0 scan, iir respiratory pro-

pulseless, hypothermic patient. We evaluated organ blood flow dromec were seen only in patients without PE (36 iif 182). 0f pa-
produced by closed-chest CPR in 15 chronically instrumented, tients with PE, 50%. 9 of 18) had a history ut previous PE, lVT
immature gilt swine weighing between 19 kg and 27 kg. In 8 ani- o moiiain ess1%12o 8)o ainswtotP
trals, CPR followed normothermic KCI-induced cardiac arrest (1 11 ,.001). Of patients with PE, SO% 19 ut 18) had signs iif phlebitis
mEq/kg). Seven animals underwent surface cooling at a rate of 5 on. examnination, vetsus IA%, I, oi 182) ot those without PE I' <i
C to 6 C/hr until cardiac arrest occurred. The mean temperature .()I). An abnormal chest radiograph shiowing infiltrate or effusion
at the time of arrest was 22 _ 2 C, with a mean cooling time of was present in S0%Y ot patients 19 of 181 with PE and 90% of pa- %.
169 -_ 47 minutes. Chest compressions were delivered trans- tbents (25 of 281 with pneumonia. Effusions or infiltrates were
versely by a pneumatic chest compression device (Michigan In- seen in only 6.5'% of the remaining patients JI I of 1541. These

struent, Ie) t a ateof (1 troks/mnut an a psto stoke differences were statistically significant (P - .t0ll. The incidenceofuicis effsio was no staisicll dioeen betee peumoniat and a- pitnSrk
of2 inches with compression lasting one-half of the massage cy- oE. Iffuiltras howeer weresicll moseet lelytunden pneumonia and'

cdc. Approximately 4 x 101, 15 u radioinicrospheres labeled with PE. ith-gra di entr wase not fonlik e d iscria (or
iORu, -I"Sc, "iCr, oriti'-Cc were injected during the un- I* Th -.rdetwa on ob dsrmntr o

anesthetized, basal state and 5 and 20 minutes following the ini- PE in the absence of other tindings. Higher A-a gradients I-45)
tiation of CPR. After S minutes of hypothermic CPR, cardiac out- were inure suggestive of Serious Pathology I IE or Pneumonia)
put and cerebral and myocardial blood flows were (mean ±Si)): than of less serious Illness IP (IIAR High A-a gradients, however,
15.3 , 7.5 mL/min/kg, (0.16 -)..11 mL/min/g, and 0.20) 0.15 oc curred in all diagnoustic categories. Thec elevated A-a gradient is
m/min/g, respectively These flows were 50%,, 55'%, and 31%, not by itself an indication foir V/0 scanning in the Young adult.
I respectively) of those produced during CPR in normothermi The A-a gradient shoiuld accompany a histoiry oft PEt I VT ininlo-
animals, and 7'Y%, 15'%, and 8%, (respectively) of the flow pro- blztoeiec tplbts ranrilcetrdorp e
duced in the unanestheitized, prearrest state. Bloiud-flow during fore V/0 ,canninig is coinsidered. This coumbination would haveS
hypothermnic CP'R did not change significantly over time. D~uring dtce 4 i ' 1 i X niu eis
niirmothermuc CPR, however, cardiac iiutput and cerebral and

myocardial bliiod fliiws decreased so that at 210 minutes there
were nio significant differences from those values obtained in The Effect of Graded Doses of Epi.I
hypothermic animals. The tolerance oif the hypothermic brain 3 ehi o RgonlBan lodF wand heart to the low perfusion state priiduced during externalne rneo RgialB in lodFwchest compressioun is undefined. These low iirgan blood flows During Cardiopulmonary Resuscitation
may meet sutticiently thL- reduced mectabolic demands of the W~ Brown (prw 'i lir HIA Werrnan RL -,urniliri J Hrot~son J-

A 1 Ioi Lliv; iii i 0 iLotijloily Modiniii Depatrl-oen ()fhypith-rtnic brain And heart. Studies arc now in progress to eval- V?Nir. iry Phyiov.q ii ,rld Pfiirrr iiol and ,i(1 Durtrritot of
LUte the effect ot CP'R versus no CP'R on resuiscitahuliry and ilLO F'revoriv, M~-i( ne loiiii Stile [iiivrsity Coloijit, 0oi
riilugie olutcoeul folloing proilonge-d hv~pothermic circulatuirv ar- -
rest -We' Iccoiii Irp ir tedI thrat 0 2 iug kg it epi neplirin i L I ad in in - ~

i'.teied- 1peruplirris tilling A.i tii-i1itiuc cardiLa arrest in a por-e
ireI MoIudel sign11tjtjtIN' iov uiri-ased htim blood flow ciiimpared to a%

The Arteriolar Alveolar Gradient and --- inudair do'.e ,t 0il? nigv kg, I-iluwing Ii? " ig kg (it Li duringFactorsfor Venilatio ITi lilod tlos uikcued sigviticrinlttr .inIl raiugeLd fromi ofii2 High-Yield Fatoifo-eniato l~te I" the cerbra,+T'l-s koix to Q;" ,It baseloit)i the CLrsicl.
Perfusion Scanning In Young Adults Lot III M11 iri,:i [Itu- iisiig (i soneIL eXpi-rirn1irtdi irtidel.A (,r,ivnot llr.iror M Vi/uiir,uo1 I ,(r)r [ "(1,' (l)eji~dtirlr%,-ihtI' it Ik Iigi , l ioniii NOILett r 01Ce pc1-1rutrlleru JilinIniuSt raiuur it of

of Lmreruiry Merlin.:w fit'rrilirw (>o,r~ Mu-i .i! (>-rt'r I, ii n kg it I (izriigIIIT W,,tld tuurllIC 1Iuttpms. Regiona) bruit
Mitwiri iiui -i1, Miii iw,ot W -l tl , i , s i i i a , t itr ii k rt kgi f I I igti'sic W ig

Fbc cxcluisiin it 11111rilm i.irs t-iitbuiluiii ,'1 I In siong ikdiultN rig 16~ S , ii 21 kg %Ac-it ruridtri1uieCtti I(INC Lut'Ith ( P Rplus .
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0.2 mg/kg of E or CPR plus 2.0 mg/kg of E through a peripheral MV Vance, SC Curry DB Kunkel. PJ Ryan Centraf Arizona
IV line. All animals were instrumented for cerebral blood flow F>_gional Poison Management Center, St Lukes Medical Center
(CBF) measurements using radioactively labeled tracer micro- Phoenix, Arizona
spheres. Baseline measurements were made during normal sinus Hydrofluoric acid (HF) produces a unique chemical burn due to ,
rhythm (NSR). Ventricular fibrillation (VF) then was induced. Fol- tissue penetration by fluoride ion. Fluoride ion interferes with
lowing 10 minutes of VF, CPR was begun with a pneumatic com- calcium activity in a variety of cell membranes and calcium-de- , .
pressor (Michigan Instruments, Inc). CBF was measured during pendent processes, resulting in severe pain and deep tissue de-
CPR. At the end of 3 minutes of CPR, E was administered. One struction. The currently accepted methods of treating HF burns
minute after E administration CBF was measured again. A include application of topical soaks or ointments with calcium or
Wilcoxon rank sum test was used to compare blood flow between magnesium salts for minor burns and local injection of calcium
the two groups. P values < .05 were considered statistically sig- gluconate for more severe burns. Digital burns also may require
nificant. The regional CBFs during CPR + E are reported as a per- nail removal and direct injection into the nail bed. We present a
centage of NSR blood flow. The regional CBFs for the 0.2-mg and series of patients with moderate to severe HF burns involving one
2.0-mg groups, respectively, were: left cerebral cortex, 0.47 versus or more fingers who were treated with selective intraarterial cal-
0.S0 right cerebral cortex, 0.48 versus 0.50; cerebellum, 0.70 ver- cium infusion of diluted (1.66%) calcium salts. All patients had
sus 1.03; midbrain/pons, 0.86 versus 0.88; medulla, 0.78 versus excellent relief of symptoms and marked improvement of the
1.34; and cervical spinal cord, 0.93 versus 1.21. All comparisons burn lesions following one to three four-hour infusions of cal-
between groups for each organ measured had P values > .05. cium chloride or calcium gluconate. Only one patient required -..
While there was no statistically significant improvement in re- subsequent surgical intervention for grafting of a full-thickness
gional brain blood flow seen with this higher dose of E, there was burn, and one patient developed transient spasm at the site of
a trend in our data that demonstrated improved blood flow to percutaneous arterial line insertion. Intraartcrial calcium infu-
more caudal CNS structures. Our preliminary report suggests sion for the treatment of HF burns of the fingers provides many
that higher doses of E may further improve CBF. Further studies therapeutic advantages, including elimination of painful calcium
with larger sample sizes will be required to verify this statis- injection directly into fingertips, avoidance of such debilitating
tically procedures as fingernail removal, and assurance that all affected

cells are receiving adequate amounts of calcium to replenish de-
pleted stores and to "neutralize" remaining free fluoride ion.

A The Relationship of Hemodynamic4 Parameters to Neurologic Outcome from
Cardiac Arrest In the Animal Model ft Activated Charcoal Before Syrup-of-

JC Brillman (presenter). AB Sanders. CW Oito, H Fahmy, S Ipecac-Induced Emesis
Bragg. GA Ewy /Sections of Emergency Medicine and GE Freedman, EP Krenselak, S Pasternak (presenter) 1 Mercy
Cardiology and the Department of Anesthesiology, University of Hospital, Pittsburgh Poison Center, Children's Hospital of
Arizona Health Sciences Center, Tucson. Arizona Pittsburgh, and the Center for Emergency Medicine of Western

Several studies in the literature have demonstrated that specif- Pennsylvania Pittsburgh. Pennsylvania J, %

ic hemodynamic parameters, the aortic diastolic and myocardial It is commonly stated that activated charcoal will prevent the
perfusion pressures, are correlated with resuscitahility from car- emetic effect of syrup of ipecac. Although not clinically substan-
diac arrest in the animal model. The relationship of these pres- tiated, this view has become dogma. A study was performed to
sures to 24-hour survival and neurologic deficit is, however, un- observe the effects of activated charcoal on the emetic properties
known. Therefore a study was done to determine the correlation of syrup of ipecac and to develop an efficient protocol for treat- A
of hemodynamic parameters to 24-hour neurologic outcome. Ven- ment of the nonobtunded overdose patient. Ten volunteers, who
tricular fibrillation was electrically induced in 18 dogs. After 3 ingested 2.6 g aspirin orally as a marker drug, were administered
minutes standard CPR was begun. Dogs were given phen- 60 cc syrup of ipecac plus 480 cc water through a nasal gastric
ylephrine or epinephrine at 9 minutes, and defibrillation was at- tube. Five minutes later, a 50-g aquLous charcoal slurry was in-
tempted at 12 minutes. Dogs underwent hemodynamic monitor- fused through the tube, the tube was removed, and the subjects
ing and pharmacologic support during a critical care period for 90 were observed for cmesis. The subtects acted as their own con-

* minutes. At 4, 8, 12, and 24 hours a standard neurologic examina- trols and were subsequently administered only 2.6 g aspirin
tion was performed and deficit scores were assigned. Fourteen otf orally. Eight of ten subjects (80%) had a significant emetic re-
eighteen dogs were initiaily resuscitated, and 10 lived for 24 sponse, the other two had nausea without emesis, Serum salicy-
hours following arrest. Aortic systolic pressures were correlated late levels measured two hours after salicylatc ingestion showed
positively with improved neurologic outcomes ir .64, 1) < .05). an average reduction of 57% from control in the subtects with e
This relationship was linear, and no stratification could he made emesis i8 of 101 compared to an average reduction of 48'% in tht,
whereby achievements of specific pressures would result in a subjects without emesis 12 of 1ll). Our study illustrates that acti-
good neurologic outcome. Other variables that could not be cot- vated charcoal may not prevent the emetic effects of syrup of
related with improved neurologic survival included I) diastolic ipecac. The protocol developed allows the very early administra- ,
pressure, mean arterial pressure, myocardial perfusion pressure, tin ot activated charcoal compared to conventional teaching,
or central venous pressures prior to defibrillation; and 2) all he- and has been shown to be ettective in reducing marker drug levels

* modynamic variables during the critical care period after de- with or without emesis.
fibrillation. In conclusion, the aortic systolic pressure was corre-
lated positively with improved neurologic outcome in this
animal model of cardiac arrest. Whereas previous efforts to ir- Comparison of the Intraosseous and

%4 prove resusctabiity from cardiac arrest centered on improve- 7 Intravenous Routes of Diazepam
J ments in the aortic diastolic and myocardial perfusion pressures, Administration for Pentylenetetrazol-

% there may he a need to focus on drugs or techniques that improve Induced Seizures
systolic pressures as well. WjI ISpivey i[) Unqer (presenter) HM McNamara CM

L,ith,-r, L Ipalrhineils of Emergency Medicine and Pharmacol("-y
Med o ii~ii ~II,( ot Penin sylvaria Philadelphia Pennsylvan,i"

" Digital Hydrofluoric Acid Burns: Fil studv cXMcins an alternative route of administration for5 Treatment with Intraarterial Calcium dhiaIt'p.iLo in the conrol , scizurt activity The intraosseous
Infusion route t()), thrOu9h the bote, is much ,impler than IV access and

141 9 AsqcUt 1985 Annals of Emergency Medicine 825 "w

,6 I.-
,2;': ,'2S*S Z'; 'Z'- ->:. '0- ,.- . *' ..- ', ."" . '-' "..": ,-..:"" ,-:"":-..,-'"- ,',,, ::



to M , 10 ' .. ~ $"

ABSTRACTS

%

%Z-i
%.

may he used in children and infants during status epi lepticus o ins .itter SuhmenrSion, so-cal led "Secondary drowning,' is dc-
when IV access is not available. The 1(0 and IV routes ol di- rived tromt retrospective analysis, trequently O) patients who had
azepamn administration were compared in a pentylenetetrazol established pulmo nary pathology. Characterizing subsets of vic-
IPTZ) seizure model. Ten domestic swine weighing 14 to 19 kg urnIs Could reduce unnecessary hospitalization of somec patients _W
were anesthetized with ketainec 20 mng/kg IM and alpha-ebbo- and promote vigorous evaluation Ot those at risk. We prospec-
ralose 25 mg/kg IV and were ventilated with a respirator on .35%, tively evaluated a large saltwater beach population. Swimmers
ti),. Blood pressure and lead 11 ECG were monitored throughout were eligible tor the Study it they exhihited coughing, cyanosis,
the experiment. Electrocortical activity was recorded directly loss of CoISCRiusn4s.s InI the water, tachypnea, (or vomniting, or if
from the brain with platinum electrodes. All animals were given they reluested medical attention after suhmersion. Among an es-
P17Z 100 mg/kg IV to induce seizure activity and they received timlated 3,7,0)beach visits during one summer, there were
diazepam 0.1 mg/kg IV I minute after the onset of seizure 3,474 rescues (anly Contact with a batherl, with 3.3 patients en.
through a peripheral IV (n =5) oJr through an 18-gauge needle in tered in the study Thiirty-twii (60N of, i the victims were released
the proiximal tibia 10 in 5), Blood samples were drawn for dc- on1 the beach, and none ii) the 27 victims tiillowed up by tele-
termlinatioin of diazepam levels at 1, 2, 5, 10, 15, and 20 minutes phone required medical care after the initial episode- -Twenty-one
after diazepam administration. Control heart rates and mean ar- patients 140'. were transported to a hospital for further evalua-
iterial blood pressure were similar for the two groups: 240.6 tion. Tir presented ((n the beach with findings mandating ICU --

11. 1 and 2.38.7 t 7.0 beats/minute, and 128.6 ± 12.0 and 127.2 adm11ission. Thle other 11 patients j21'%, had minimal symptoms
8.3 mm Hg for IV and 10, respectively. The time to (inset (if sei- when they emerged from the water. Three developed severe
zure was 20.2 -3.0)2 seconds and 16.4 ± 2.5 seconds for the IV symptoms, InI the Hl) mandating ICU admission, while 8 were
and 10 routes, respectively (1P > .05). IV diazepam suppressed sei- observed in the Hl) or as inpatienits without sequelae. Four ti the .P
zure activity in all IV animals in 38.4 t 10.8 seconds, while I1) 8 had an abinirmal chest radiograph, acidosis, or hypoxemnia de-
diazecpamn stopped it in 4 10 animals in 53.2 t 29.3 seconds. One Spite irrinitn1al Clinical findings. The need tiir these Studies in the
I1) animal had increased ictal activity ftr 12 minutes. Serum di- El) is re-inforced. Study limitations include the Small final pa-
azepam levels (ng/mL) and standard error foir the IV and I1) groups tienit poipuilation anrd lack oit laboratory studies (in all patients. We -

were as follows: I minute, 260 ± 97.2, 191) ± 50.7; 2 minutes, Conclude thait exper'icedI lifeguards can ettectively triage sub-
195.1)* 41.0), 172.S5 42.7; 5 minutes, 187.5 -24.3, 153.3 inersion vict tims, that mild symptoms progress to marked dis- ~ -

24.0; 10 minutes, 123.3 -12.), 153.3 :t 37. 1; I5 minutes, 130.1) tress in onlo, a fiw patients, and that patients who develiip de-
I TA, 146.7 13.3; and 2(0 minutes, 120).0) t 15.8, 145.0) 28.7, layed distress dio so within a few hiiurs. El) observation for 4 to 6%
respectively An analysis iif variance revealed no statistical dif- hours Ciould screen etectivi-ly fiir those patients requiring itpa-
ference in the 2 groups; 11)5 ng/mL (or greater is therapeutic. The tienit thcraipv. -
data shiiw the I1) route to be a rapid and effective method iif ad-
ministerinlg dihizepam aind suppressing seizure aictivity during sta-
tus epilepticus when IV access is nut reaily avaitabk.

Appendicitis in the Elderly: A Diagnostic
10U Challenge /

Effct of Volume on the Endotracheal SH Klef L lyen (presenter) JIF Wright. RA While 1Department%8 Absorption of Lldocaine o ujey liror lJCLA Medical Center Torrance. California ~S
SE Mace MOo~n) Sinai Medical Center Cleveland. Ohio ACi ti pi1 I ikiii tI IS isunCOmmo1101 in patients mlore than 60

Lidocaine was given ciliitracheailly in a diise ot 2 iir 4 mng/g to yeairs old, bilt thIs .ige group accounts fir a significant proportioin~%-
Ii diigs. looiid lidocaini levels wi-re drawn at 5S, I5, .3), aird 6(0 of tile ITorbidit y and mortaility relaited to this entity. To establish
minutes after admiinistratiiin of lidi caie. Endiitrachcail idiicaine a proftile ot tile disecisc in this population, the charts of 94 pa-
was given either as a dilutiiin with niormal saline (a 1. 1 dilutiiin of tiLiitS igi- 61) to 9- with paitholiigicailly priiven acute appendicitis
lidocalic neitd nrormail saline) (Jr undilut-i l.roiip 1, no0 dilu1.tiin; We're reVIewed. 'sixty-two percetr were in their 60)s, .ini 20%,

GrouLip 2, dilIutioin with niorml sa Ii ii). Sign iicanrtlIy h ighir b lood WI weeor his i; sod b -n ecn a ymput
hIcidicn li-vi-ls wi-ri- (iIN a11 i ni-li t hi diIutioin griouip i11 .1ll the tn ire than i 8 houXl (rs, pri((r to pre-sen tatioin. The most frequent pre -
time peiodks aind with either idose l2 ort 4 nig/kgl II' (11)1) Mean slirtitig S'VIIlptoim was aibdoiminal pain 193,, btit only 66%, had
blood Iiilocaic lievels 1;.g/nLl it 3, moIILtts wi-ri- 2 mg/kg dosel rght lower qidraint loicalization. At presentation, 70%, of pa- -

(;riu 1~ 0 .64, Grou 2 1A;4 and (4 mg/kg diise) Grou I emos had lever eXCeeding .37.2 C, and 8,3'% had leukocytosis
1 4, G.rouip 2 6,2 1IP .011 . The sinme dosi ofi ltdoeaini- wais lW1 Ccount - 1)),))))). O~peratiiin was carried (Jut within 24 hours
diltuted with niirmal salie to ai tiital viiluite ot .3 iniL- ,6 mL, 12 oI pn(S'initiliit in 8Po%, hut was delayed more than 48 hours in
III[., (Jr 2- nil tit fluid. IIu diii~ldg r-ivd;l ord I", I S .i ri-stilt ut anl incorrect idmnitting diaignosis in ;iil cases.
tions ,it cndi Iiraie bel Id I i i Ci ii diffeennt days InI each (I1 t hi- -e(v-riI ieidnc i en r o a 2 This wais rela tid-
titir doigs, bloiod iidiicaitre levels wierie SignitlicaItly differeint d- directly' to the duraitiiii of the illness, anv! iiccurred in 84'-%. ol

pi-iiiitg o) thle tiital .1innuiitt t fuid givinti l/ )1011. In1 011Ci dig those with sviptonis fiir more than 48 hours, comparid to an .

it the saime cndu traical lidoicu ilu~.,gc, bliiod lidocaone levels ticuiicOL of 2))',. in thiise with Symptoms presint less than 24 *

0.i 3 iintt-Sl varied triiii 2 toJ 9.1 dependiing (i the ninount oI hiors,. lici ivi-rali ciiiplicaitiiin raiti wass5))%, which rosi- Ii
no rial sahiiii idininistered Witl) the endlitraichcaii hldocaii IIs '- III tiiiis with, liiratiion. Tlhe imost coimmonii cimplicaitiiin
studyI SLigge'tS thuI.I1 higher bliiid hidocaune Iii-s ire icloivid w5( 5ouiid 1iirleciur Foiur patieints 14",. Idid, three (it them ha-
Mid Ma~intaiii-d Ii tgir 's- i-ni lidio l((int: is di bud With IInT111 mmmii i1g.hd .i diloiA- 1in olpu-Ation ti More than) 4S bouts, aft hai pit-
sAiiui thIritiwleti It IS givenl uniJLII'le, Alid 21 the n v may N- ol)IItiJt stiCIgt WiC 01Ctic- thamt deClay In the p11iiiit Wckiung or to,*
iixomJtlil vJ~luiitl at which the h19ighet bit)(id 1LIiic.iinc4 ie'Vil IS [ikkIedL.11 ,JIt J1r the- phNvsic:n uItiflg ii fiie 1)[r01i111 diag1iiiSISe
,1,bt.11tied withiiut di eLrrespioding i in.iilt in ri-spiriuini hiitiiin Jll Andi'i'lculitic wih cirhe Surtgiil JITerVi-tiot ,iri- the factiirs e?%V

IClatedI to thC le iiII(irbiditV Jio
1 n0ii1.111i' ibsLir'I III AMC ut

9 Incidence of "Secondary Drowning" After.-9 Saltwater Immersion -'

Pf)if tier -iu-iti-r)ifl liiynii, t)ep,irtnierit iif I hhierijv('u.v Fixed Atlanto-Axiel Rotatory Subluxation:
M-diurui ilsu l. A Mr,); ,il (;iitir tuirmiio(. ,iltr;i A Radiographic Finding of Questionable

Thc ropi rteil iii ideiiiC iot di~uved Ii mu11)41r utanutd (NoSviytp Clinical Significance
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S Lee (presenter). SM Joyce, J Seeger, R Hanson, E 4 An Analysis of Medical Care at Mass
Criss Section of Emergency Medicine and Department of 1 Gatherings
Radiology, University of Arizona Health Sciences Center, Tucson, AB Sanders (presenter) E Criss P Steckl HW Meislin J Raife. D
Arizona Allen Secton of Emergency Medicine University of Arizona

Health Sciences Center, Tucson Arizona
Atlanto-axial rotatory subluxation is a finding occasionally Emergency medical care at public gatherings is haphazard at

noted on cervical spine radiographs obtained following head and best, and dangerous at worst. Arizona ACEP, through the Chapter
neck trauma. Atlanto-axial subluxation produces an asymmetry Grant Program, studied the level of medical care provided at pub-
of the lateral masses of C-I relative to the odontoid process on lic gatherings in order to develop standards for emergency mcdi-
the AP open-mouth view. Persistent asymmetry, not correctable cal care at mass gatherings. The study consisted of the following:
by a 15' head rotation, has been used as the criterion to detine If a survey of medical care at 14 facilities providing events for the
fixation of atlanto-axial subluxation. Chronic neck pain, occipital public pmore than 1,000 people in attendance). Questions were ' .
neuralgia, and torticollis requiring neurosurgical intervention asked regarding the nature of the event, number of people, densi-
have been documented in cases when atlanto-axial subluxation ty of seating, predominant age group, availability and checks for
becomes fixed. The clinical significance ot rotatory subluxation liquor and drugs, indoor versus outdoor event, and the level and
with fixation in patients with minimal or no symptoms, however, facilities for medical care; and 21 a retrospective and prospective %
is uncertain. Atlanto-axial subluxation is seen during normal survey (of injuries occurring at mass gatherings during a one-year
head rotation; thus it is possible that subluxation on the Al' view period was done, The results ot these surveys showed a wide van-
actually may be due to improper positioning. Such positional ation of medical care provided at mass events. Of the 490 medical %
subluxation, however, would not be expected to be fixed. A study encounters reviewed, 52.2% were within the realm of care of par- %
was performed to evaluate the effect of positioning on the atlan- amedics but not basic EMTs alone. The most common injuries/
to-axial relationship and the ability to correct asymmetry by ro- illnesses were lacerations, sprains, headaches, and syncope. Prob-
tation. Eleven normal volunteers without recent neck trauma, Icts noted included II poor documentation and record keeping of
neck pain, or limitation of neck motion were evaluated with the medical encounters; 2) a tendency for prchospital care personnel
following AP open-mouth views: 1) without tilt or rotation (neu- to make medical evaluations without transport or medical con-
tral); 2) 15 rotation in each direction; .3) l5' head tilt to the right; trol; and 3) frequently inadequate communication to make the
and 4) right rotation with right tilt and :eft rotation with right tilt public aware of the availability of medical care. Based on this
(the "cock-robin" position). Six normals demonstrated apparent survey and a literature review, standards for medical care at mass
rotational asymmetry in the neutral position despite proper posi- gatherings were determined using an objective-oriented approach.
tioning. No predictable change in the atlanto-axial relationship It is our position that event organizers have the responsibility of
was produced by any of the manipulations described. Two normal ensuring the availability of emergency medical services for spec-
subjects fulfilled the radiographic criterion for fixed atlanto-axial tators and participants. Mandatory medical care objectives for all
subluxation, asymmetry not corrected by rotation. The radio- events include provision of the following: 1) basic first aid and life
graphic finding of atlanto-axial rotatory subluxation is common support within 4 minutes; 2) advanced life support within 8 min-
and is not in itself abnormal in the absence nf clinical findings. In utCs; and 3) evacuation to a definitive care facility within 30 min-
addition the criterion of fixation, asymmetry uncorrected by rota- tes of illness or injury. Optional objectives include 1) medical
tion, appears to be inadequate. Patients with atlanto-axial sublux- evaluation and treatment for noncmergency problems, and 21 tri-
ation should be evaluated further relative to their clinical find- age and medical evaluation of a presenting complaint. Guidelines
ings. on how these objectives can be met by sponsors are provided. "
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CORRESPONDENCE
Rocky Mountain High

To the Editor:
In the mountains of Colorado, July and August are nor- and it degrades on drying to muscimol, which is five to ten

mally the peak months for finding mushrooms. A family times as potent. Amanita pantherina loses most of its po-
was poisoned when they ate an unusual variety of a com- tency on drying. 2

mon species of poisonous mushroom. These agents act primarily on the CNS and most likely
The Rocky Mountain Poison Center was called concern- compete with the neurotransmitter GABA to produce % e

ing three patients who had eaten some white mushrooms symptoms including irrational behavior, alcohol-like inebri-
five to six hours earlier. The patients were a 41-year-old ation, delirium, and deep sleep.3 When Amanita pantherina
man, his 10-year-old son, and a 9-year-old neighbor. The is used as a hallucinogen, individuals report hearing voices,
boys had collected "meadow mushrooms" from the grass- seeing visions, exhibiting inappropriate behavior, and hay-
and pine-covered areas around their mountain house. The ing a need for physical activity. Macroposia is another re-
man had eaten two mushrooms (approximately five inches ported delusion. In other reported cases in which cooked
tall with a four- to five-inch cap); the 10-year-old ate one Amanita pantherina was ingested, impaired vision, di-
and one-half to two. The 9-year-old ate one to one and one- zziness, loss of coordination, inability to think or speak
half mushrooms but had peeled portions of the cap. The clearly, and hysteria were noted. A death was reported in a N,_
mushrooms had been fried. man with a weak heart.4

Within an hour the three felt confused and disoriented. Samples of typical Amanita pantherina contain 0.42%
Two to three hours postingestion the man felt very con- dry weight of the two isoxazoles. Hybrids may contain ,

fused. The adult and the 10-year-old reported muscle 0.02% to 0.35% of these derivatives.5 Concentrations of
twitching, which was most pronounced in the arms and these toxins vary by growing conditions and season of
legs. growth.6  lp %

Five hours after ingestion paramedics were summoned, A dose of 20 mg ibotenic acid, tested on a man, produced
and the patients were flown to a local hospital. At that time only flushing and migraine headaches. Five milligrams of
their symptoms were tingling of the extremities, vertigo, muscimol produced slight drowsiness; 10 mg muscimol
ataxia, confusion, and disorientation that they described as produced, within 90 minutes, mild symptoms of intoxica-
hallucinations. tion, including slight muscle twitching but no hallucina- ..

The man and the 10-year-old became much more symp- tions. Fifteen milligrams of muscimol produced a full-
tomatic than did the 9-year-old, who had peeled the mush- blown intoxication. 7

room cap. The adult had a pulse of 110 and was flushed, Amanita panthemna has been used as food, particularly
slightly sweaty, and nauseated. None of the patients in the Pacific Northwest. The skin is peeled from the cap of
vomited. The three became very sleepy and repeatedly fell the mushroom, it is parboiled once or twice, and the water
into sleep from which they could be aroused easily. The is discarded. Because the highest concentration of isoxazole % r
only treatment given was supportive care and observation; is in the skin of the cap and the toxins are water soluble,
emesis, charcoal, or catharsis was not performed. The pa- this process may remove most or all of the toxic com- •
tients were discharged nine to ten hours after ingestion, still pounds.8 This may be why the 9-year-old, who peeled his
sleepy but easily arousable. This feeling continued into the mushroom, had less severe syniptoms. **

next day. A sample mushroom was sent, but because of its Several types of mushroom poisoning have onset ranging
poor condition it could not be identified positively. We re- from 20 minutes to two hours, and treatment recommenda- -.-

viewed the site of the mushrooms the next day and found tions require differentiation. The muscarine group typically
both an Agarcus species (edible) and Amanita pantherina. exhibits cholinergic symptoms of salivation, lacrimation,
Identification was accomplished with the help of staff from and perspiration. Treatment is atropine. When hallucina-
the Denver Botanic Gardens. The mushrooms were not ana- tions and disorientation are present, the primary suspect is
lyzed for their isoxazole content. the psilocybin group of mushrooms. The third type, includ- - ,

Amanita pantherina usually is described as having a ing a mushroom that produces a disulfiram-like reaction, -. "
brown cap, pointed warts, and a single, well-formed annulus may cause nausea and vomiting during the first two hours -
(ring). In the Pacific Northwest this mushroom is known to after ingestion.
hybridize with Amanita gemmata, resulting in colors rang- Some other cases in the third type may exhibit slight pe- ,
ing from dark brown to light yellow.' The variety found by ripheral anticholinergic symptoms; these cases may involve
the patients on the east slopes of the Rocky Mountains was the isoxazole compounds. Patients may appear intoxicated,
nearly white and wartless. To amateur eyes the pale pink have twitching muscles and lack of coordination, and may
gills of young agarics appeared very similar to the white exhibit euphoria and hyperkinetic activity. If discovered ear- -,A Al
gills of the Amanita pantherina. In addition, the patients ly, patients may be decontaminated by emesis and activated
did not recognize the clinging annulus and volva charac- charcoal. If the toxic substances have been absorbed, the
teristic of the Amanita species, patient should be placed in a low-stimulus environment to r

Amanita pantherina is known to contain the toxic isox- be observed for rare serious CNS depression. This simple
azole derivatives ibotenic acid and muscimol, as well as measure usually is all that is required. Respiratory failure is
stizolobic and stizolobinic acid. lbotenic acid is not stable, very unlikely Rarely anticholinergic symptoms may be pro-
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nounced and physostigmine salicylate (1-2 mg IV) may be Denver, Colorado P
considered. Physostigmine should be used only in severe 1. Miller OK Fr: Mushrooms of North America. New York, EP -.% ,1*
cases. Duttion and Company, Inc, 1979, p 31. %

Because mild peripheral anticholinergic symptoms may 2. Chilton WS, Ott J: Toxic metabolites of Amanita pantherina,
occur, atropine, which is often given for another two-hour- A cohataW, At musci andote Amanita pieoia,A cothurnata, A muscaria and other Amanita species. Lloydia
onset mushroom poisoning caused by muscarine, is con- 1976;39:150-157.
traindicated and will exacerbate the symptoms. 4 The two
most common Amanitas mushrooms are A pantheria and 3. Lincoff G, Mitchell DH: Toxic and Hallucinogenic Mushroom

Poisoning. New York, Van Nobstrand Renhold Company, 1977, pAmuscaria. The "muscaria" in A muscaria may lead one to 7-9. " .'

believe that significant amounts of muscarine are present in
these mushrooms. This is not the case. 4. Hotson 1W: Mushroom poisoning at Seattle. Mycologia

Gathering wild mushrooms for consumption is always 1934;26:194-195. , r1
risky when done by amateurs. In our case, two school-age 5. Tyler V Ir: Chemotoxonomy in the basidionmycetes, in Peter-
boys gathered mushrooms that they and another family son RH (ed): Evolution in The Higher Basidiomycetes. Knoxville,
member subsequently ingested. Earlier that week they had University of Tennessee, 1971.
gathered several Agaricus species mushrooms and con- 6. Benedict RG, Tyler VE, Brady LR: Chemotoxonomic signifi-
sumed them without negative effects. The patients failed to cance of isoxazole derivatives in Amanita species. Lloydia
recognize this light-colored variety of a normally brown-to- 1966;129:333-342.
yellow mushroom. 7. Waser PG: The pharmacology of Amanita muscaria, in Efron .,.
l)avid C Spoerke, MS, RPh DH (ed): Ethnopharmacologic Search for Psychoactive Drugs, ..

Barry Rumack. MD publication no. 1645. Washington DC, US Public Health Service, "
""

', Barry umack. MD1967, p 419-439. -'.

Rocky Mountain Poison Center 419439 ., 8. Rumack BH, Salzman E: Mushroom Poisoning: Diagnosis and ,
Susan E Spoerke, MD Treatment. West Palm Beach, Florida, CRC Press, Inc, 1978, pp -a..

Denver Clinic Medical Centers 110-115.

Factitious Arrhythmia

To the Editor: a-

We describe an interesting case in which critical analysis veloped man in moderate distress secondary to pain. His
of a piece of clinical information, the cardiac monitor right hand was over the precordium. Vital signs were as fol-
rhythm strip, convincingly demonstrated the benign nature lows: blood pressure, 140/90 mm Hg, without orthostatic
of a patient's presentation. This occurred in a setting in changes; pulse, 105; and respirations, 20. With the excep-
which one might easily accept a very different interpreta- tion of venous "track marks" on the upper extremities, the
tion conferring a serious diagnosis on the patient. remainder of the physical examination was normal. Routine

The Worcester City Ambulance Service called our emer- blood work, arterial blood gases, and a chest radiograph %
gency department JED) requesting medical control for a 26- were normal. A 12-lead electrocardiogram showed sinus
year-old man complaining of chest pain. The patient was rhythm at a rate of 95 and a normal pattern. " ,
awake and communicating when encountered by the para- The patient was placed on a cardiac monitor. Initial treat-
medic team. Vital signs at the scene were as follows: palp.1- ment with nasal oxygen and sublingual nitroglycerine 1/150
ble blood pressure, 90 mm Hg; pulse, 120; and respirations,. . .__., _

20. Treatment rendered prior to arrival in the ED consisted T -T i I-"
of intravenous DW at KVO, nasal oxygen, and monitoring. I k I 1 1 :1 11 A 10 H L
On arrival approximately five minutes later, the patient 4 11, 1 " 111complained of a dull, pressing pain in the chest, radiating to ] 'Li, l [id -'l. L, L LL IL ':

the neck and left arm and associated with shortness of T T
breath, nausea, and palpitations. He stated that he recently A-1 ILI ,.
had been hospitalized for chest pain and that he had signed 1 %
out against medical advice several hours prior to presenta- _T1 I
tion at our ED. _..o_...__ _

The medical history was significant for a rhythm distur-
bance that was "studied" in Texas and was thought to be "of
a ventricular nature." He was treated with quinidine and fI A
showed an empty prescription bottle bearing his name. Car- ii iH IliW i]i]W __ U..
diac risk factors included a two-pack-per-day smoking histo-]lulpll y yIl.-i jU-, " "
ry and a family history strongly positive for early myocar- .... .,..
dial infarction. 2

Physical examination revealed a well-nourished, well-dc- 2_ _,_,-..

14 B AqtJ t 198, Annals of Emergency Medicine 829 03"

,,'..--.-..+.-,-- +,. . -- . . + -.. ..... ..-.-... -....- -.-.... ... .. ..-.... -- . . -'

' < d-. ,+ 'i e'. ' , ,--.-"," -,
.

Z "-",..' " e, - ,.. *.- ..- .- - ,, -- . . . .. .. .- ,.'. - . . ".... "- ," -



CORRESPONDENCE

.:i

g failed to lessen the patient's symptoms. His cardiac moni- be aware ot similar presentations by the same individual. It
tor showed a transient rhythm disturbance (Figurc l(. This was later ascertained that the patient was indeed admitted
lasted for three to five seconds and immediately brought the to an outlying hospital for chest pain on the day prior to his
staff back to his bedside. He complained of increasing pain presentation to us. His workup was similarly negative and
at this time. There was no loss of consciousness and no included a quinidine level of less than 1.5 j.g/mL. He had
change in the vital signs taken immediately following this received a total of 14 mg intravenous morphine sulfate prior
self-limited episode. Given the rate of 170 and the regularity to signing out against medical advice the following morn-
of this rhythm, a diagnosis of nonsustained ventricular ing. %
tachycardia was entertained. Similar episodes followed, nev- We hypothesize that while being monitored without -
er associated with changes in vital signs, and always resolv- medical staff in close attendance, the patient manipulated
ing as a nurse or physician approached the bedside. his monitor leads to simulate the arrhythmia. It was possi-

Closer examination of a second rhythm strip (Figure 2), in ble to do this at bedside, creating a pattern identical to
consultation with a cardiologist, revealed two interesting those shown. His initial hypotension can be explained by
findings. Toward the end of the strip, under the #1, is what self-administration of nitrates just prior to the arrival of the
appears to be a ventricular couplet closely following a sinus ambulance. Amyl nitrate (widely available on the street) "
beat. The first complex occurs over the early portion of the may be implicated given the pronounced, short-lived nature
ST segment during the absolute refractory period of ven- of the hypotension and reflex tachycardia for which alter- 6%

tricular myocardium and cannot represent ventricular de- native physiologic explanations are lacking in this patient.
polarization. Similarly the R-R interval between the appar- This case illustrates one example of the sophisticated
ent PVC and sinus beat occurring under #2 is well below techniques employed by malingering patients presenting to
the briefest expected ventricular absolute refractory period. an ED. Careful analysis of appropriate laboratory studies
Thus, for physiologic reasons, the aberrant activity cannot may, at times, permit the physician to make a prompt, ac-
be ventricular depolarization. There are numerous sharp curate diagnosis and thus prevent a significant amount of ' --
spikes superimposed on the episode of apparent nonsus- unnecessary hospitalization.
tained ventricular tachycardia. These spikes march out per-
fectly (arrows, Figure 2) with the patient's underlying sinus Kai Sturmann, MD
rhythm, further indicating the factitious nature of his Timothy Shoen, MD
rhythm disturbance. Department of Emergency Medicine

When reassured that it has been determined that the Allen 14' Filiberti. MD
monitor changes were artifactual and did not represent a Division of Cardiology
danger, the patient refused further examination and signed Worcester City Hospital
out against medical advice. Area hospitals were notified to Worcester, Massachusetts

Airway Obstruction from Metastatic Melanoma

To the Editor:
A 36-year-old woman presented to the ED complaining of tremities. There was an 8-cm scar over the left sterno-

a persistent, nonproductive cough and exertional dyspnea. cleidomastoid area. Scattered inspiratory and expiratory
She stated that she had been treated by her family physician wheezes were heard over the right lung base. There was no
for "bronchitis" for the last two weeks with tetracycline 250 cervical or peripheral adenopathy The abdominal examina-
mg PO qid and an expectorant. An outpatient chest radi- tion was negative for hepatosplenomegaly.
ograph one week prior to presentation was negative. She be- The patient was treated with an epiglottis protocol. A
gan to have increased dyspnea and persistent coughing on portable lateral neck radiograph was performed (Figure) in
the day of admission. Medical history was remarkable for a an examining room with laryngoscopes, cndotracheal tube,
malignant melanoma of her left neck that had been widely and cricothyroidotomy instrumentation that was readily
excised in 1972. She had remained clinically asymptomatic, available. The radiograph revealed a mass lesion arising
and yearly chest radiographs had been negative since that from the anterior wall of the trachea in the subglottic area,
time. Review of systems was negative except for her chief producing considerable encroachment on the tracheal
complaint, lumen. l)ue to the nature and level of the obstruction, prep- wpN%

Physical examination revealed a woman in moderate dis- arations were made for tracheostomy. The patient's condi- - -

tress secondary to dyspnea. Vital signs were as follows: tion did not deteriorate, and it was believed that the pro-
blood pressure, 10(I/6(I mm Hg; pulse, 84; respirations, 28; cedure would best be done in the operating room.
and temperature, 36.6 C. Physical examination was remark- The patient was taken to the operating room where, on- S
able for inspiratory stridor that was audible on entering the der general anesthesia, a tracheostomy was performed
examining room, The patient stated that she had noticed a through the second and third tracheal rings with removal ot
"wheeze" for approximately one week prior to admission. a large pigmented tunmor. The patient tolerated the pro- .
Suprastemal retractions and difficulty with phonation also cedure well. Histologic examination ot the tumor revealed
were present. There was no cyanosis or clubbing of the ex- Metastatic melanoma.
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its metastases.2 These tumors include lung, esophageal, and
thyroid carcinoma. Freeland4 and colleagues reported four
cases of metastases to the larynx from distant primaries,

$ 4 ,including ovarian cystadenoma, melanoma, nasopharyngeal
carcinoma, and myeloblastic leukemia.

The earliest symptom of upper airway obstruction scc-
ondary to tumor is exertional dyspnea. Exertional dyspnea
does not occur until the tracheal lumen is less than 6 mm.,
Our patient's lumen was 2 mm at presentation. Wheezing,
inspiratory stridor, and orthopnea appear with progressive
narrowing of the lumen. Cough is common. One can see
that in a seemingly healthy individual these symptoms
might be mistaken for an upper or lower respiratory infec-
tion. Hemoptysis is variable. Upper airway obstruction from
tumor encroachment usually is gradual in onset because pa-
tients accommodate. Sudden decompensation is uncom-'
motn, but can occur.2

Evaluation should begin with soft tissue radiographs. A
lateral neck radiograph will best delineate the upper third of
the trachea. Swallowing views will bring more tracheal
shadows out of the chest and into view. Bilateral oblique
views through the chest give full-length tracheal contours. 2

Treatment is directed toward maintaining a patent airway
If possible, one should ascertain the level of obstruction be-
fore attempting tracheal intubation, cricothyroidotomy, or
tracheostomy, In our case, tracheostomy was the appropri-
ate method of airway control because of the nature of the
obstruction.
lav S Felstein, IDO ].

• lanlies S Bolizouki, N11) """"
l)epartment of Erency Medine

Upper airway obstruction is a medical emergency. The Wilmington Medical (Center
most common causes are infection, foreign body aspiration, Wilmigton. l)elawar,.
trauma, anaphylaxis, and hemorrhage.I This case represents I. Buster RB, Martinez 'A: Acute upper airway obstru:tmun in the
a rare form of airway obstruction. adult. llotrad Md 1982,72:5ll-67

Tumor is an uncommon cause of upper airway obstruc- 2. Sise G., Crichlow RW: sein ()ncul 1978,S:213-223.
tion. Tumors arising in the hypopharynx seldom have air-
way obstruction as a significant symptom. Malignant nd Wilkins, 1979, p 91
obstruction of the trachea is even more unusual because of
the low frequency of primary and metastatic lesions. The 4. Freeland All van Nostrand AW' Jahn AV ct al Metastases to
trachea apparently is resistant to invasion by adjacent ma- the larynx. I ()tolarvii,,l 1979,5 44-456"

lignancies.2 Primary tracheal malignancies are exceedingly 5. Miller RI), Hyatt RE: ()bstruJcting Iesms i1 the larynx and
rare, with squamous cell being the most common. trachea. Maivn Chn Proc 1969,44:14-161-

Secondary tumors are most likely to affect the upper tra- 6. Hanlinc MH It: Tracheottniv in upper airwav tbstructiun lct'
chca by encroachment or invasion by the primary tumor or ter) .uotth Med I 19S1;74:899,
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BOOK REVIEWS
Pain, Analgesia, and Addiction medical source today on the management of mushroom %
B Stimme poisoning. .%,.
1983 Raven Press 326 pages $45 (cloth) The chart is well organized and provides an amazing -

amount of information. Superb color photographs aid in
mushroom identification. Information provided includesMost emergency physicians, in the course of daily deal- onset of symptoms, class and toxins, clinical signs and

ings with pain, undoubtedly have developed somewhat
mechanistic views (f pain and its treatment. The same symptoms, organs involved, and suggested treatment. There •.,echanistici views a sectin and musroo tretret.iheoloe".y.
probably is true of the treatment of analgesic overdoses and is also s a section on mushroom terminology. "
withdrawal states. It is refreshing, if one has the time and The "suggested treatment" sectitn discusses the maor ,cief a
specific interest, to review in some depth those phar- treatment nodalities that should he considered for each
macologic agents most frequently used for pain control. poisoning groUP.aThe languageis diplmatic, allowig room

In addition to refreshing the reader on pharmacologic for individual clinical judgment.

U principles if analgesia, Pain. Analgesia. and Addiction at- A major problemlin mushroom poisoning is mushroom" identification - physicians often are dealing with all tLn- e-¢.
tempts to shed light on a number of aspects of the chemical ioc fn tknown and are left with general supportive care as the onlycontrol of pain, such as alternative and adjunctive mcdica- approach to treatment. This chart can aid in proper identifi-

cation of mushrooms.
It may be helpful to list geographical locations on subse-

quent printings of the chart. Orellanine, the "eighth" groupJohn H van de Leuv, MD, CM - Editor of mushrooms, has been included in this chart. The delayed

Indianapolis, Indiana symptomatology and nephrotoxicity of cortinarius orel-
hanus and other species has been reported only in Europe.
While cortinarius gertilis is found on the Pacific Coast, no
toxic cases have been reported in the United States. The -

tions, addiction states, withdrawal syndromes, and pain chart may be ordered from Kit Scates Myco-Charts, E 283(0
management in the elderly The section on iatrogenic drug Marine Drive, Post Falls, Idaho 83854.
dependence, with a discussion of the impaired physician, is The price of the chart is $24.95 each for hospitals plus $2
highly recommended. The book is well organized and very for postage and handling. A 20% discount is offered to .
readable, with excellent tables and diagrams, particularly in members of medical societies and mycological societies for
ilhe neuroanatomy and pharmacology sections. individual copies.

The text falters for the emergency physician in several This is an excellent chart, authoritative and useful to the
areas. It Is surprising, for instance, that there is no mention emergency physician, which is highly recommended for
of the use of local anesthetic agents (except cocaine), ni- every emergency department in the United States.
trous oxide, or other inhalants. In addition the author rou-
tinelv discusses the management of toxicity of analgesic Lester M Itaddad. MI)agents, but his management recommendations are usually (liical A sistatt lrolc'ssor _

brief and occasionally lack state-of-the-art precision. National Capital Poi,ao (enter

This book can be heartily recommended as an excellent l)elartmen o Eniergency MHdspit
review of pain and its control, but it probably will be of (;rghntown I]t,'rsite tospntal
limited Value as a quick reference in the emergency depart- Wa'higt ,)C

mnt.

Ional 8 Kunkel. A11)
I )epartnient of Medical 7Toicolgv Prehospital Emergency Pharmacology
t "Ho hspital BE Bledsoe G Bosker. FJ Papa

I'hoeuix. Arlzona 1984 Robert J Brady Company $16 95 (soft cover, .'

l'rchNipita/ l- I rmcecnt I'h rmt , ,oho ' is ot value to croci- .4..

genc' mecdicine practitioners, students, and energencV
Diagnosis and Treatment of Mushroom Poisoning medical services (EMS) personnel. It is a conprehelnSive and

," t, BO Pi, Cxceptionalhl complete guide to plehospltil emergencV

.S ,er,, IMvc Chir, pharnacoih igy. It begins with tounda men tal bickground II I,-,i' 1w, f t,,, Mvch.; tla ; tornation wiVth which prehospital professionals mu t bc ta-
miiar. The soction oin ternimologv and ibbreviatin.II, pie- o

"IiagnIosis and Treatment It Mushroom Poisoning" is a Violslv an arein Which sllbtarrti,il lottl itlition vi
color wall chart produced bv Catherine Scates ot the North dittictilt to locate, IS arding JAdditi(n1 tolte test -

Aincrca Mycological Association, with the cooperation The scction addrcssiniz drLtg A.dnuntstratiM Is coWvLd ,:'
,iod approval otf Barry H Rumack, M), director ot the with simpicitV aod eceLllcit dltal ( iMnqueiilv tiis ,,Ub--•
Rockv Mountain Poison ('enter. )r Runack is the primary ICCt I" easietr tor the ia'dr to LtinderS,And and otillZc tol
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review purposes. Excellent reinforcement is afforded drug names, indications for use of the drug, ocular side effects, '.' '
dosage and calculations. Although brief it utilizes pertinent the significance or importance of the side effect inr. ,
situations and problems familiar to prehospital profession- ophthalmology, a list of common drug interactions, and per-
als. tinent references. 1

The drugs and their usage are presented in appropriate As reflected in a useful table of contents, the chapters in
format, allowing easy access for the reader Included are de- the text are defined according to 1,3 categories of drug use: :,
scriptions, indications, contraindications, precautions, dos- antiinfectives, gastrointestinal agents, homeostatic and nu- 7'1
age, route, and how supplied. Consequently the difficult trient agents, oncolytic agents, and the like. In addition tbe

*task of paramedic training of this subject is made easier and text contains two indices. The "Index of Side Effects" cata- 5-.-"

more understandable. logues signs and symptoms in ophthalmology from "ahnor-
Another refreshing discovery is a quick reference guide to mal conjugate deviations," "blepharospasm," and "cataracts",'-

commonly used emergency medications that addresses to toxic amblyopia, uveitis, and visual hallucinations. The.?-
most phases of EMS; a pediatric conversion table is in- second index refers to drugs discussed in the text. Generic
cluded, names, many proprietary names, and drug classes are in- '-

Recommendation for usage of this text are numerous cluded.

EMS personnel would benefit by using this text in the class- The sections in each chapter are allocated by class of . ,
room, in clinical areas, and in the field. Emergency p)-ysi- drug. These deal with drug interactions, but do not detail ,,
cians, emergency department nurses, and critical care staff additional ocular side effects that result from additive or.A
should consider this text for use as a review guide and as synergistic drug combinations. Rather the editors have se-

*teaching support material when instructing EMS personnel. lected a simple classification of increased, decreased, or var-, .,
Where it is necessary for EMS personnel to use pre- iable effect of one drug on the action of others that may he ,.-..

hospital emergency drugs in a critical setting, a text of this used in ophthalmology."--'
caliber is recommended. It offers a quick reference for im- The scope of agents presented by the editors is compre-.--'-
mediate use or for review purposes. hensive. The references for each section are selective hut..',

Roet )Arnsan O.Dretrhighly relevant, and they provide an easy access to the reed- ...-
Embergtnc Meadoiine.MDica ffirso ical literature pertinent to a class of agents.

Emegeny Mdicne!edial ffarsThe book is clearly dedicated to the ophthalmologist as a " r'

I %

C'omrnunitr Memorial Hospital reference source. In toxicology eye findings usually are...
Cheboygan. Michigan quite variable, and it is unlikely that this text would assist
s tin the diagnosis of the drug-intoxicated patient. For those

T cases in which the eye findings are the basis of the chief
Drug-Induced Ocular Side Effects and Drug complaint or the only prominent feature of the clinical .
Interactions, ed 2 problem in the emergency department, however, this refer-

sFT Fraunfelder SM Meyer (eds) ence would be very useful. T " x S Ec a

1982 Lea & Febget 544 ages $30 (sardbound Robert i eterson, MD o Phi) .m..

Aother fre g e ditio ery of isaqick reference oe fo- Associate Professor of Plediatrics and Pharmaco"g',.
Theoson useditio n cy mthseerectios f aresses ttoUniversity of Ottawa v hu t

mat that proved successful in the first edition. The editors Medical Director d int . e

carefully introduce te format used in each of the chapters, Poison Iafcrmation Center
which includes drug class, generic and common proprietary Children's Hospital of Eastern Ontario btoda

14pia emrec Adgugs 1i8 Anrtca et nas of Emerenc usedine p33almo1gy
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PLACEMENT
Physician~o A v ia l rgams and university affiliation seeks board -certified -prepared

Physic an Ava lableph, ys"ician Compensation approximateiy 90K based on CV ACILS and
ATLS iistrjctor preferred Send CV to Mike Weaver MID 4505 Head-

ABEM CER11iFIED: Atli i' r'"t'nJrjq i Prr Beac County seeking Alood #I Kansas, City MO 64111 or call 816 931-8881
full or part t I f olt Pu Ia if Itir P Ir' ', Sr In x V0A rreiipriice a., direc to r ifIi ALABAMA: Enmergency physicians needed for 377-bed hospital 1o-
a 250 bed r r't,tIi VWf ia , tilt'' iirfirator, teaching quality catrd in large city 26 000 annua- E D visits Access to major university
,assurarir P- Min rlkelrtj , s,,,( 1'uif, Ai f P) tox 1),11 PO) Boix 6199t1t Exceilent compensation with malpractice insurance provided Inde
DarrasT 7-1 41 tperndent contractor status For further Information contact Chris

DIPLOMATE ASIEM ' r p IA I. 1, 1, e'.'r re.nerv (leopart Gaffney Coas~tal Eniergericy Services Inc. 1900 Century PI Ste 340
riT I,w tor A% , Ait - i, I. fir', _'ik rji[,irtnorsit hosrtion Atrainta GA 30345 404 325 1645,0n GA 800 241 7471

InTh) eri i [) A - ' Io it o n li* te's- Rep, y AC F P ALABAMA: Imrnmediate two fulli time posit ions ava ilable in freestandingIR
Box 92.1 P0 [3, f 1 yri,, o -v I 7"' 1 (Y 'I I arrilbulatory care cliic located in a good community with eguity post-

DIPLOMATE ABEIM AND ABFP: At I' Pt 1r,, ri'i ACL S ATIL S idl tion Remuneration frrst year $70-80 000 with real possibility to double
PAL 5p jia r riI r~ -r~ r-r inr;tr~tetctrir urd amir- iin oric to two years Send CV to Physicians Route 1 Box 46 Pike

istrativf expeloo~f I''nI iq ff md ro t'tIitn''t po,,iltio V~i1 Road Aralharia 36064 or caliRustiat 205 271-4410
hours of Now YorK (,it, A(t P Bo. 1417 Pi) Bonx f,1911 Dalias TX ALABAMA: Physician wanted Compensation guarantee and fee for
75261 9911 service Contacti Florence Emergency Physicians Dr Joseph Yates

FAEP: Age 39 Cur iiniret a (.'ei- or T7,wm alive irarketini Director 114 W Doctor Hicks Blvd Ste 400. Florence AL 35630
and probrerl'i solving aHInhIntres" F te~n-ie trai (EM resirterts 205 767 4591 or 205 766-7739 (home)
nurses arid paramedics, Prefer ~stidirer Tor director ior p~atrier ALABAMA: Wel? -estalblislhed dynamic group sltfing emergency de-
i n Illinois or Northeastl but wini .onlsidler air abovo average, offers, to parlmerils in Alabama Saiary $72 000 to $85.000 Growth potential
strict confidence Reply to ACF-P Box 915 PO Brix 619911 Dallas TX with mianagemient opportuoities Contact The Emergency Group. PG
75261-9911 Box 8 17 Entlerprise. AL 205 34 7-3682
NEW DIRECTI1ONS: Experienced group of 13 L) ph~ysicianis lookirng ALASKA: Phys.icians needed immediately to join established group
for unique practice opport uni ities Ind0ivindual M Ds availiable for 1 -3 staff in iig ri care facilities in Anchor age Guaranteed hourly rate
rnioniths possibiy lunger Dull arid humdrum riced niot reply ACEP Box pii5 jirofitsliarig incentives and paid malpractice insurance Primary
737, P0 Box 619911 Dallas TX 75261 9911 care trainiog or experience reguired Please send replies to Scott P

Mackie MD FACEP PG Box 111767, Anchorage AK 99511-1767

ARIZONA: Positions available in emergency Mredicine in the PhoenixPositi n A va lableMesa metropolitan area E xcellenrt group of colleagues arid activePositi n Ava lablepractice Send curriculum vitae to Richard A Meldle MD, Arizona
Emergency Physicians Ltd Desert Samaritan Hospital 1400 S Dob-

ACADMICEMERENC MEICIN: FCU~y poitins vailbleIn or) Rd Mesa AZ 85202 or call Ms Nancy Hayward at 602 833-6180

the Section of Emergency Medicine at the University of Arizona Re- ARIZONA, Phoenix: Expanding physician-owned rerierec group
spoosibilities include clinical administrative, and teaching activities accepting applications for fill-time career orienite(' rriergrency phy
Applicants should be board certified prepared in emergency medi- ,ic ians Flexiblie work Sclhedie excelii fberiefi package dear
cine Please contact Harvey W Meislin. MID Section of Emergency workinrg arid iiviiig condintions Send CV to Emergen~rcy Physicianis Inc
Medicine. 1501 N Campbell Ave. Tucson AZ 85724 The University of 17411 E Morten Ave Ste B Phoenix AZ 8,50'20 or cali Thonias C
Arizona is an Affirmative Action Equal Opportunity Employer Patltson MID or Pauli Wheeier at 602 870-0194

ACADEMIC EMERGENCY MEDICINE: Full time academic positions ARIZONA, Phoenix: Maincpa Medica Conri t 1 00 oe1 out
available immediately in thiree-year-old ernilergericy moedic:ine residert- teici iio hiojiltil I,, yerkrii rwirsdericv trainireit mirgi y phly,
cy program to meet expanding needs in area of resident siipervriori riaritojiast Ii ii i Tle o!,, (lvor I lit reif I riit iI in ri ititiit
EMS direction. development of research prograrri arid administration Dej iurtioeit oh y rerri Mfid icirr MM(I i 000 D( L) patient'

Level I trauma center with affiliated County hospital with 37 000 annual iiI ,lry riii( 1 ' a Livewr 1 1ii,iir'i enter a't pirIrrt ~ 1)1 aSini

visits Emergency medicine training or appropriate training with ABE M Py.riisi'ii'i iCISAILS topr'i eri i Sailary
diplomacy required Excellent remuneration and fringes together with 5i (oriipit'irOtn iri. iii)J tic ( r'. prrvrrtiit (.( rirti I Hint WIr )iri
beautiful Southwestern climate For details coritact V Gaii Ray MD MD Chairr (in I). litiri ofi iierrpsr " Mo. 1" r i' M rc i'd
Tex&a, Tech University RAHC .Dept of Sourgery Di vision of Tri anrd i Cf'riloi P0 'I , L)0 ltf' Pnn'r4/'i li

Emergency Medicine. 4800 Alberta Ave El Faso TX 79905 phfonie
915 533 3020 ext 386 CALIFORNIA: Hr ird f "t't' ~r r ii-, r ,'ji

* i xti~ i ii'i ir' Ihini'llf In't . 1, 1' ti it, r j"rr tr
ACADEMiIC EMERGENCY MEDICINE: University enerclericy id .i y"r ivi li ' a- V '' %ir rrIt 5r- 'i- fri
cine residency prograrn director positron availabile [. innrgeincy fi1(iei ii i rr i I' I'- ., I iir - ''' ' r' t
crie' residency-IrAined a0n1 ABE M certiedr a pj i i it ly iir yjri Wayrr it li M, i ,'y~ i' i n'r.Mt

State lUnivriy Detroit Receiving Hospitai Full-tie acadeforr ii p I I II 'i a- .- I .- Iri
rx0rntrierit Geneou conrpensation with fui beniefits anrd 210 viicOt di t; ty

dlays per year Send CV to Broks F Bocik MD Chief Irr Turiii
Metdicime Det roil Receiving Hos pital 4201 St Ariliino [ D'Oi MI CALIFORNIA: -i-IIi ' '' '''I-

ACADEMIC EMERGENCY PHIYSICIAN: I (tear prr. ii r ill I, r Fn ' 11,, 1, 1 1 ' ' '- I

vte suburban type Leveli I trri cente will, 7 ' t'M Ii I ''' r ,' r-- i.i-- '- -'r
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sibilities in a stable, established group with partnership advancement .

opportunity Contact California Emergency Physicians, 440 Grand S rn
Ave, Suite 500 Oakland, CA 94610. 415/832-6400 Southern California
CALIFORNIA: Join a partnership of established physicians providing Emergency Medicine
urgent and ambulatory care in both northern and southern California. Otur lirgc itiulti-seci,itv I IMtl is currnrlv rv.,.ritting Ei.rgcnty
Physicians earn a guaranteed minimum with strong incentive package Nfdiciruu~pu_.i.tic.', ti, provide xur,.vit i nat li:t iturl hcn icr, .,.
and have the opportunity to quickly become partners. Our attractive cared rhroui1 h ut the grcirt.r Lo' Angek, Siti D.iug, Situ Brnar- .'
centers are rapidly growing Please indicate your geographic prefer- din, atd .)rinige. (otny rcii, inckuin tir ncwes loll se.rvice

ence (LA or San Francisco Bay area) and contact California Emer- ti oin in che pring oh f 1'9)86. Qi aifed cant didats ihioi Iudit
gency Physicians. 440 Grand Ave, Ste 500, Oakland, CA 94610 Ereurgcnu Medict rutdfn,' trainued ir bc pruparcd ti, tke thu(-
415832-6400 Etnurguncy Mudicinu Spuc ity B ard Ex ti. p

CALIFORNIA, Partnerships: Available with a seasoned group in a joint Excullunt unutit, i.nild: paid tmalpracticu ItuIirarit. nicdiLal ind %irt
venture mode to establish freestanding ambulatory care center Excel- dunti c'vurr., ontintitig udit.itin, va,irin and sick Icavc,
lent site. physician oriented, financing aid available. Send CV to r ttrniunt plan and potential fir pirtn.rxuip ,ituer twt vuar,.
National Medical Centers, 866 Plumas St, Ste B, Yuba City, CA PIt%. o t, n t ir .irri.ituli tit INIMd thu nIc' .I .. 31R-11 and

95991-4016 tcluphmun nuiimluhrs t three prciuiinal ruturuncus to:

CALIFORNIA: People-oriented physician sought to loin group of like
physicians operating a small series of freestanding clinics in northern I I I -'.

California Camaraderie, recreational opportunities and the possibility SOUTHERN CALIFORNLIA
of an early management or equity partnership role are all part of the PERMANENTE MEDICAL GROUP
package Send CV to ACEP Box 668, PO Box 619911, Dallas, TX -P
75261-9911 Physician Recruitment, Dept. 114, 393 E. Walnut Center,

par. ! E9m18loyer1.

CALIFORNIA: The County of Los Angeles and the UCLA School of Pasadena, CA 91188. Equal Opportunity Employer.

Medicine are seeking applicants for the position of Director of Emer-
gency Services at the Los Angeles County-Olive View Medical Center. %'
Olive View Medical Center is an acute care hospital in the San Fernan-
do Valley area of Los Angeles The hospital facilities are new There is Hospital, 1425 S Main St, Walnut Creek, CA 94596, 415/943-2080,
an approved residency training program in emergency medicine, fully HMt9
integrated with that of the UCLA Medical Center (Westwood) The CALIFORNIA, San Francisco Bay Area: Emergency physician group is
desirable candidate will be a person board certified in emergency accepting CVs from physicians board certifiediprepared in emergen-
medicine or a person board prepared in emergency medicine with cy medicine Also accepting CVs from qualified physicians interested
board certification in another specialty. Candidates should have a in urgent care opportunities. Competitive hourly, paid malpractice,
strong academic background with an interest in research, as well as and opportunity to grow with small, high-quality group. Send CV to
experience in teaching and patient care Qualified candidates send Chase Dennis Group, 873 Corcoran Ct, Benicia, CA 94510
curriculum vitae and support materials to Marshall T Morgan, MD,
Chairman of the Search Committee, Olive View Medical Center, Rm CAUFORNIA, San Joauin Valley: Personable BC/BP emergency phv-
404. 5 Tower Bldg. 7533 Van Nuys Blvd. Van Nuys, CA 91405. An sician needed to associate with group of career emergency physi-Affirmative Action/Equal Opportunity Employer. cians in a progressive community non-profit hospital Emergency de-partment is full department status. about 32.000 visits/year.
CALIFORNIA, Hemet: Opening for experienced emergency physician Paramedic base station, trauma receiving hospital Excellent support
to loin established group in moderate-volume ED. Board certified/ from consulting staff in all specialties, including cardiac surgery. Inter-
prepared in EM preferred Competitive salary with malpractice paid est in EMS desirable. Teaching position in emergency medicine resi-
and opportunity for full partnership. Send CV to Hemet Emergency dency available. Generous financial arrangements with parity at two
Medical Group. 27692 Soboba St, Hemet, CA 92344. (2) years. Send CV in complete confidence to PO Box 3893, Pinedale,

CALIFORNIA, Los Angeles: Openings for career-oriented emergency CA 93650,.

medicine specialists Excellent compensation and career growth op- CALIFORNIA, San Jose: Emergency physician sought for position as
portunities Write Barry Staum, MD. Janzen, Johnston and Rockwell, part-time director of poison control center at a university-affiliated
1520 Arizona Ave, Santa Monica, CA 90404: or call 213/451-0783 teaching hospital. Responsibilities include patient care in the emer-

gency department Must be board certified/prepared in clinical tox-CAuFORNIA, Northern: Our 45-man multispecialty group is adding icology. Fee-for-service with minimum guarantee Contact James B ,..
full- and part-time physicians to the staff of our minor emergency Lane, MD, 1625 The Alameda, #201, San Jose, CA 95126; 408'
centers in the San Francisco Bay area. Initial salary and benefit pack- 293-8881
age leading to senior status with full economic participation Board-
prepared physicians with emergency care experience should contact CALIFORNIA, San Jose: Position available for board-certified,-pre- e,.,
Recruitment Director. San Jose Medical Group, 45 S 17th St. San Jose, pared emergency physician with established group practicing in San
CA 95112 Francisco Bay area in a high-volume university-affiliated teaching
CAUIFORNIA, Sacramento: Partnership opportunity with established hospital and a large community hospital with recently establishedtrauma service Fee-for-service compensationminimum guaranteedmulti-hospital group practicing in Northern California Full-time posi- Contact James B Lane, MD, 1625 The Alameda. #201. San Jose. CA
tions available for board-prepared or board-certified emergency phy- 95126 408293-8881
scians Competitive salary and benefits. Malpractice paid All hospi-
tals with moderate volumes, many act as EMS basestations Send CV CALIFORNIA, San Luis Obispo Area: Seeking experienced physician
to Sacramento Emergency Medical Group, PO Box 214584, Sacra- for progressive urgent care center Benefits include liberal scheduling.
menlo CA 95821 malpractice. $75,000 per year guaranteed income plus profitshaning

plan Send CV to Doctors EmergiCenter 900 Grand Ave ArroyoCALFORNIA, Sn Francisco: CVs being accepted for experienced, Grande. CA 93420 805A489-4357 ,,

career onented emergency physician to loin established ED group in ad 90 5 4

medium-sized hill-service community hospital Fee-for-service (with CALIFORNIA, Southern: Emergency physician needed for full-time
guaranleed minimum), malpractice insurance paid, flexible sched- position in the high desert area Relocation from Southern California
kles Send to Emergency Department, 1580 Valenca St, San Francis- not required $75,000 annual starting salary Contact Dr Pettinger at %
co CA 94110 13238 Topsanna. Apple Valley. CA 92307, or call 619 247-2761 or 619

CALIFORNIA, San Francisco Say Area: Emergency physician, BC or 366-3711 ext 127

BP wanted for full-tme overnight position at a Kaiser-Permanente CALIFORNIA, Southern: Multi-spocalty group practice recruiting
Medical Center large nationwide HMO Spacious new facility with urgent care center director Board certified prepared Lxcellent oppor-
qood spec/ aiy backup 60,000 outpatient visitsyr, competitive salary. tunily in desirable area of Southern California Congjenial staff excel-
ixceptional benefits fine school system many recreational and cultur- lent working conditions and frinie benefits Salary negotiable Submit
Al opportunities Send CV to Forrest J Cioppa. MD. Kaiser Foundation CV to ACEP Box 920 PO Box 619911 Dallas TX 75261 9911
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CALIFORNIA and FLORIDA: Emergency physician Groups seeking-
additional physician in northern California Sierra community and St
Petersburg, Florida. Board certified/prepared by experience or resi-
dency. Salary. incentives, and malpractice provided. Send CV to Mar- J,
ilyn Bahou, Manager, Physician Relations. National Medical Enter-
prises. PO Box 2140, Santa Monica, CA 90406. L A

CAREER-MINDED PHYSICIAN: Board-certified physician needed to Spcalist
complement experienced, existing physician staff serving in our new Speciaists In
emergency department The hospital is a large and expanding referral Emergency and
center handling 30,000 emergency cases per year. Position offers l I' d
exceptional benefits and remuneration package, as well as ready Critical Care Medicine
access to Northern Michigan's recreational areas. For additional infor-
mation send curriculum vitae or contact Mr Louis E Zeile, President, St Dynamic emergency physician group has positions
Luke's Hospital. 705 Cooper. Saginaw. MI 48602. 517/771-6000 for well-qualified emergency physicians in hospitals

COLORADO, Ft Collins: Position for full-time physician in a freestand- located throughout the United States, including:
ing center Excellent lifestyle available. Close to skiing and a broad
array of outdoor sports. Family practice or emergency medicine Florida Ohio Pennsylvania '
Excellent compensation No nights Send CV to IntraWest Medical
Services, PC, PO Box 1649, Laramie, WY 82070 or call Sheldon Truax Colorado Wash DC North Carolina
at 307745-3169 Donald Cantway MD at 303/879-6020. Maryland Illinois Alabama
COLORADO, Ft Collins: Well-established urgent care clinic seeking " oe h m utS
full-time physician with demonstrated FP. EM, and interpersonal skills. "Choose The Community Size
Profitsharing. continuing care option. Outstanding opportunity in a & Climate You Desire"
university town of 80,000 Generalcare Clinic, 1045 Garfield. Ft Collins,
CO 80524. 303,482-6620.

EMSA provides attractive remuneration and %
CONNECTICUT, Bridgeport Hospital: Departmental status ED seeks malpractice insurance. Excellent opportunities %S,-.,
boarded or board-prepared career-oriented physicians to join the m i.,
most stable emergency physician group in Connecticut 600 beds, for personal growth within the group. Call our . *

52.000 ED visits annually. community teaching hospital with 80-mem- Emergency Department Representatives for
her housestaff and Yale affiliation Competitive salary, full fringe bene- more information; or respond with CV and
fits with opportunity for partnership H Lyle Stotts, MD. FACEP. Chair- geographical preference to:
man. Bridgeport Hospital, 267 Grant St. Bridgeport, CT 06602 Emergency Medical Services Associates, Inc.
CONNECTICUT: Primary care physicians, BC/BP, needed to loin ex- 8200 W. Sunrise Blvd. * Plantation, FL 33322
panding walk-in medical center group in central Connecticut. Full- or (3,).72-92
part-time positions and medical directorships available Compensa- (305) 472-6922
tion package includes competitive salary, malpractice insurance, and %
profitsharing opportunity. Stimulating work experience in a comfort-
able setting with flexible scheduling Send CV to PhysicianCare, 28 Memorial Hospital, 71 Haynes St. Manchester, CT 06040
Main St. East Hartford. CT 06118. of call 203/56c9-13644.
CO~NNS.ETCUT artfod communithosita~l seeks4 emergency me DELAWARE: Board-prepared or board-certified emergency physician
CONNECTICUT:303-bedcommunityhospitalseeksemergencymed- to loin well-established group Very active emergency practice Ap-
icine-trained or practice tract-prepared physician to join our full-time proximately 38,000 visits per year Excellent medical staff backup Full
staff of seven emergency physicians Our newly renovated ED is a full department status. Hospital-based paramedic program Competitive
hospital department with an active educational program (including salary and benefits. One hour to Chesapeake Bay and Atlantic Ocean

* ~ACLS) and an excellent paramedic program An ambulatory care Sn Vt onCSwl.M.FCP 4 tt t oe.D'•" Send CV to John C Sewell, MID, FACEPR 640 S State St, Dover, DE "
center is in the planning stages Manchester, Connecticut. is a town of 19901 302/734-0558
50.000 near Hartford with a choice of living options from urban to rural
in the immediate area Outdoor sports, seashore, mountains, ard DIRECTOR, Greenville, Mississippi: Delta city of 50.000 surrounded
cultural activities are available within a short drive Send CV to Joel J by lakes and recreational areas Flexible schedules will accommodate
Reich MD. FACEP. Chairman. Emergency Department. Manchester vacations and hunting season Income range of $80-100.000 depend-

ing on pathology and volume Busy ED with high degree of trauma
sees 18.500 patients per year and has shown steady growth since
1976 New 11.000 sq ft department in 250-bed medical center whichNEEMA serves as EMS satellite center to University of Mississippi ED sees
98% of patients with excellent medical staff backup This is a fee-for-EMERGENCY MEDICAL service opportunity where income potential is not limited Fischer
Mangold provides most malpractice coverage. CME, potential groupprofessional a iincentive after 3 years, and directorships with incentive base Contactssocation -Ken Baker. Director of Physician Recruitment, Fischer Mangold Group.
PO Box 788, Pleasanton. CA 94566 800/227-2092 in California 415 ..

Emergency Medicine Positions - available with 484-1200
emergency physician group in PA, NY, NJ, VA, EMERGENCY AND PRIMARY CARE PHYSICIAN: We are looking for a
WVA, MD, KY, FL and throughout New England, career-oriented physician to join our established and expanding

group which includes two ambulatory care facilities and a familythe Southeast and the Midwest, including all subur- practice clinic Full specialty backup, excellent salary and benefits.
ban, rural and metropolitan areas. Fee-for-service including pension plan and insurance in a family-oriented communitywith minimum guarantee provided. Malpractice Please send curriculum vitae to First Medical. Inc. PO Drawer 3047,

paid. Practice credits toward board certification. Hatliesburg MS 39401
Physician department directors also desired. EMERGENCY CONSULTANTS, INC: Has openings in Texas Ohio
Please send resume to: NEEMA Emergency Medi- Illinois Michigan. Wisconsin Indiana New York. Pennsylvania Ten-
cal, Suite 400, 399 Market Street, Philadelphia, PA nessee. Virginia and West Virginia emergency departments Inde-
19106 or phone 215-925-3511 in PA, or 800-523- pendent contractor status with competitve compensation and paid
0776 outside PA. malpractice Insurance Forward CV willh availability date and geo-

graphic preference to Emergency Consuitants Inc 2240 S Airport Rd
Traverse City MI 49684 800 2531 795 in Michigan 800 632-3496
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Emergency Department Physicians, Inc.
Emergency physician and urgent care center practice career opportunities with established group for highly competent individuals

+ Active Growth + Comprehensive Continuing Education (ACLS, ATLS)
+ Group health insurance + Vested group interest, stock ownership after 2 years

Florida Southern Stateline, NV Mississippi
Georgia California at Lake Tahoe Msi

Experience and/or residency training in acute care medical specialty preferred. Send resume to EDP, PO Box 9639, Marina
Del Rey, CA 90295. For further information call or write:

Florida: Steve Watsky, MD, 707 40th Street West, Palmetto, FL 33561; (813) 746-5111

All others: Philip J Fagan, Jr, MD, 4640 Admiralty Way #305, Marina Del Rey, CA 90292; (213) 822-1312 .%

EMERGENCY MEDICINE: Excellent opportunity for emergency physi- gency care unit in July of 1985. Stable city of 78,000 located on the Schuylkill
cian in a 552-bed major teaching hospital in Philadelphia A state-of- River in the Allegheny foothills Good access to Jersey Shore. Chesapeake
the-art facility. Emergency medicine residency program not required. Bay, Pocono Mountain resorts, Philadelphia, New York, and Baltimore 42 ,
All business considerations are negotiable. Contact Linda Hay. 800 hours a week plus on-call time, $100,000 + per year Board cer1ified /

441-0996 or in Pennsylvania 215/896-5080. prepared or substantial experience considered US trained only Send CVto .Y -.
EMERGENCY MEDICINE CHAIRMAN AND STAFF: Daniel Stern and R Tempest Lawry, MD, Director. Department of Emergency Medicine, Con-

Associates represents a variety of hospitals, including community to munity General Hospital, Reading, PA 19601; or call 215/378-8369 .'.
large university trauma centers We are seeking career emergency EMERGENCY PHYSICIAN: University Hospital of Jacksonville, a major
physicians for staff and directorship positions. Physicians can be teaching affiliate hospital of the University of Florida, announces the
prepared either through the practice route or EM residency training, availability of a position in the division of emergency medicine MD
Qualified candidates should inquire about positions paying $70,000 to required. Board preparation or certification required Strong teaching,
$140,000 in several mid-Atlantic states. Please forward complete CV research publication interest required. Level I trauma center, large,
to Daniel Stern and Associates, The Medical Center East, 211 N active emergency medicine residency. Salary negotiable. Application
Whitfield St, Pittsburgh, PA 15206. Inquire directly by calling 412/ deadline August 30, 1985. Starting date November 1, 1985 or before. ,
363-9700 in Pennsylvania, 800/438-2476 in US. Contact Terry L MacMath, MD, Search Committee Chairman, Univer-

sity Hospital of Jacksonville, 655 W 8th St. Jacksonville, FL 32209.EMERGENCY MEDICINE PHYSICIANS: We are seeking BC/BP emer- Affirmative Action/Equal Opportunity Employer. ' "
.

gency medicine physicians who are personable and possess excel- Ait
lent clinical and communication skills to loin an existing group of EMERGENCY PHYSICIANS: Sought for Department of Emergency %
career emergency physicians. Positions available in Hawaii and the Medicine, Rhode Island Hospital, Teaching and patient care in a %

greater Kansas City metropolitan area Annual compensation pack- Brown University Biology and Medicine affiliated major hospital Must
ages range from $63,000 to $120.000 and are related to patient vol- be board qualified, emergency medicine. Apply J Franaszek, MD.
ume For additional information please send CV to Cecelia Cleary, Emergency Medicine. Rhode Island Hospital, 593 Eddy St, Provi- %
Emergency Medical Services. 3212 Central Ave, Kansas City, MO dence, RI 02902, 401/277-5826 AA/EOE.
64111:.or call 800,821-5147 or 816/561-1025. EMERGENCY PHYSICIANS-BC/BP: To join expanding HMO hospital-

EMERGENCY MEDICINE POSITION AVAILABLE: Opportunity for ex- based emergency services program Salary $65,000-$90,000 de-
perienced emergency physician to join professional group prac- pending on experience and administrative responsibilities. Excellent
ticing in Northwestern Indiana Contact Dr Daniel Philipsborn at benefit package Send CV to Jennifer Leaning, MD. Harvard Commu-
312 248-5557 nity Health Plan, One Fenway Plaza. Boston. MA 02215

EMERGENCY MEDICINE RESIDENCY-TRAINED GROUP: Seeks asso- FLORIDA: Associate needed for very busy family and occupational
ciation with emergency residency-trained graduates to staff new hos- practice located in southeastern Florida Guaranteed minimum com- * -

pitals in Ohio and South Carolina Successful candidates to be imme- pensation plus substantial incentives and benefits Excellent potential
diate profit sharers Guaranteed annual salary and profits of six figures for equity position for the right individual Considerable growth and
per year Early share holding in the corporation is anticipated. Send expansion opportunity Career-oriented physicians send resumes to
curriculum vitae to ACEP Box 722. P0 Box 619911, Dallas, TX Health Innovators. 8550 48th St. Ft Lauderdale, FL 33321
75261-9911

FLORIDA: ED physician needed on Floridas southwest coast Excel-
EMERGENCY PHYSICIAN: Mount Sinai Hospital, a 380-bed university lent opportunity to get in on the ground floor with a small independent
affiliated community hospital with approximately 45,000 emergency group at a new hospital Expected remuneraton should exceed
vis its year seeks full-time emergency physician to loin established $100.000 Respond with CV to ACEP Box 929, PO Box 619911, Dallas.
group Prefer candidate BC BP in emergency medicine, internal medi- TX 75261-9911
Gine or surgica! residency program completion ACLS and ATLS
certification necessary Our progressive facility offers a highly compre- FLORIDA: Emergency medical group seeks qualified physicians to
hensive benefits package and competitive salary based on level of staff emergency departments and critical care units in the southeast
professional expertise Submit CV or contact Dr M Ostroff. Chief, Flonda area Board-certified -prepared physicians in emergency
Emergency Medicine. Mount Sinai Hospital 500 Blue Hills Avenue, medicine internal medicine, or family practice preferred Competitive
f lartford CT 06112 203 242-4431 An Equal Opportunity Employer salaryandbenefits ncluding paidmalpracliceinsurance SendCVto
E N S :t'm m e Emergency Medical Group PA. 1400 NW 12th Ave Miami, FL 33136

a EMERGENCY PHYSICIAN: Sougl'-It for downtown medium-volume emer- 305 325-1381gency deparlment to complete group of five aricipation in medical com- FLORIDA: Emand of ALS system serving county of 312,000 New well-designed emer- FLORIDA: Emergency physician wanted to staff energency depart-
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FLORIDA, Primary Care Centers: Recruing aggressive emergency Ol
CAictririej arid farlily practice trained physicians to staff centers on a
;futhti rri hasi: Positions available in central and south Florida coastal .'CAcSAorunrtes Excellent opportunity Guaranteed salary fee-for-ser
vce ientive; profit sharing with public corporation, malpractice "

C riN!urance paid Send CV to FMC 250 N Babcock St, Ste 202 d,
Mle!bourrie F[ 3,2935 ",

A UNIQUE OPPORTUNITY OF CtOICE FLORIDA: Younq emergency physicians needed to loin dynamic cor-

WITH LOCATIONS IN 15 STATES poration of career-oriented emergency department professionals
EMS and ACLS involvement preferred Several locations throughout

Career practice, Part-timc Ic.<urnT - the slate compatible with your choice and style of living Florida
I)ircctor.hips.'Il.aching posiions, license required and US trained Contact David S Mitchell Admin-:hp istrator PG Box 6230 Clearwater, FL 33518, or call collec 813

Rh()NAI. 0)FFIC; 446 7123

Ashtville ................... ." 800-,.' i 1i FLORIDA: Young group of emergency specialists expanding ED cov-
N( -1--253 -I 25( erage requires five positions preferably residency trained or board

Atlanta ............... . s 800-2-1 -- j I prepared with ACLS certification Salary very competitive with eventual
6A .Oi-325-I6-tS partnership available Write R Brereton MD. 2030 SE 28th St Cape ,, ,

Augusta ............. .A il #--2- 8 Coral. FL 33904 or call 813/574-3442 or 813/334-5334
Columbia ................. (: 8.,-Th2-'81 2 FLORIDA, Central: Family physician or emergency physician needed a-
".Columhu.U ............... 800-33 #1-t. 6-0 for private freestanding emergoncy center in rapidly growing area

-ls....................... 2.1 -li-258- Excellent compensation. Please contact Martin W Cunningham. MD.

Durham.................... k 8 00- A34- 3306 5030 SE 14th P- Ocala, FL 32671
N(: 800-6'2- 1665 FLORIDA, Central: FEC operating as a medical center in rural area

Ft. Latiderdale.............. I' 800-328-1038 near Orlando providing acute medical care on a walk-in basis in "
1:1. 8t)-.2-+09. addition to more traditional family practice care Seeking FP-orientedMemphis ................ N 901-'6'- 301 physician Directorship available CME and malpractice provided %

Richnond ................ I'S 800-5 I-101 3 Competitive hourly rate Write JM Garner. MD, Dept A, 890 SR 434 .v
\A 800-552-6638 North. Altamonte Springs FL 32714. or call Sandy Teal 305 788-0786 ,'

\'aslhington ............... \A '03-8-i 1-0333
FLORIDA, Central: Two full-time emergency physicians needed for
hospital-based group Time split between ED and walk-in clinic opera-
lions Full specialty backup. malpractice paid Florida license re-

., ._ , quired. board certified/prepared in emergency medicine 40.000 + r.
patient visits per year Partnership opportunities are available, salary P-'
more than competitive Respond in confidence to ACEP Box 926 PO

(( ) 1\1A \1III( ;lX( :Y 1 IIVI( lI I( Box 619911. Dallas, TX 75261-9911
'I FLORIDA, East Coast: Full-time emergency physician (2) Prefer US

graduate, board certified prepared in emergency medical or primary -., i
care (family practice) or (internal medicine) 200-bed hospital with

ment and or walk-in clinic on Florida's Gulf Coast Great recreational 12,000 ED visits per year Good salary plus malpractice. health policy,
disability policy, and term life insurance included Excellent recrea-opportunities. Excellent reimbursement, $90.000 yearly with growthpotetialThre yers ractce xperenc verus esidncyrequred tlonal area Florida license required Send replies and CV to Donald C ;:'

potential Three years practice experience versus residency required. Johnson. MD. 233 Osceola Ave. Ormond Beach. FL 32074. or call
Send CV to Dr Wellington Chen. Ste 221, Box 1900, Sarasota, FL J n 2c7d h 04 a"
33578. 813,349-0268 904 672-4791

FLORIDA, Ft Lauderdale: Emergency medicine group seeking career-FLORIDA: Establshed group has fu-tme opportunites for care ir oriented prmary care emergency physician Board certified prepared- -.

minded emergency physicians Choose from various locations oine rmr aeeegnypyiinBadcriidpeaein emergency medicine required Full- or part-time Submit CV tothroughout Florida Attractive remuneration and malpractice insur- Barbara Fountain, 2727 E Oakland Park Blvd Ft Lauderdale, FL
ance provided Please send CV to Karen Block EMSA. 8200 W Sun- 33306
rise Blvd. Bldg C. Plantation. FL 33322 or call 305,'472-6922 %

FLORIDA, Gainesville: Emergency physician needed for full-time
FLORIDA: Immediate full-time. part-time. and locum tenens emer- position in busy communily hospital emergency department Excel-
gency medicine opportunities in central, southeast, and Panhandle lent compenSaion in a University city Prefer board certified prepared
areas Excellent growth potential with directorships available Inde- in erergoncy medicine Reply with CV to Jack Derovanesiar MD
pendent contractor status, flexible schedules and professional liability
insurance provided Contact Kathy Valli, Coastal Emergency Ser- Deparlte t of Emergency Medical Serices Alachua General Hospex 413

vices Inc 2200 Commercial Blvd Ste 203. Fort Lauderdale. FL

33309, 800 328-1038 in US, 800;432-3093 in FL FLORIDA, Gulf Coast: Tampa to Naples Board-cerlified or soon-to-be
FLORIDA: independent emergency physician group seeks well- MD!, to staff Walk In Medical Cernters Ideal locations Excellent re-FLOIDA Inepeden eergncyphyicin rou seks elt mrlir;ticin SermI CV to Box 537 VYe, FL 33595 orc-all Raymond J

qualified applicants for full time teaching clinical duties in active uri- M Derrrolt MU FACe P 813 185 4858 or 48,nc FL 3 53 after 6 pm

versify emergency care center Full benefits package Send CV to -.45

TEAM, PG Box 18091 Tampa FL 33679 FLORIDA, Jacksonville and St Augustine Areas: Youn grotp of emer
qwiiiy Iii y ,i i ir interested if ( xp ifi(ii witfi rwiirteit ytrairied orFLORIDA: Need full-time or part-tirrne physicians primarily for FEC. fii(ijhy !x irieico erurgency pivsicrarrs Baslirne b roard prepara .

possibly for ED in this beautiful west coast Florida area Prefer career- lion reqtirrlr P rse (,ontalt rnerilency Phy ili., Inc P0 Box
oriented EM FP US trained. board-certified .prepared physicians 5178 Ja k,,orivilil Ft 32207 90 :fq S8;' %"-"
with ACLS certification Financial package very compeitive with in-
centive bonis included Florida license required Contact South Flor- FLORIDA KEYS: P ry , Wii i i r()uti ,i i i , t ,ir, rir oir lhei e .
ida Physicians Inc William Bess MD. 1231 Hanton Ave Ft Myers FL rie clulJ (iS iii. i i r I t I, tiiirr, f/iril ov t)riI , [) arid u
33901.813 334 061t F I C from Ki' I irclo to KV W -t A(,t .5 iIl ri reil Send CV

FLORIDA: Once if a lifetirre opprortunity in Florida Gulf Coast Sara- Iit. i t, r t.i it I 0 Btc, ,..i n .--l

sofa area Mofirrr ftl y eqippe( 3 000 sguare foot clinic 50 yards V311 l-iil

troc marriflt. it tt sich very bus y lamily practice $300 000 annual FLORIDA KEYS: '", . , ,, i -i n-I >1-. r ( ri/li Op.
Fur ,ale aIrl Or reakimq gualiftid associate Write Oscar Klein. MD. , r ir r / V ,Ii ',cI rlr, ih- r ,-i in, - I I''- . -r,- r' r,
401 Manatiei Avf, W folmes- Beach FL 335D10 r1( n iilrriii i ' -In-i rrt't i i -r i t. . i> , , iitiiir -
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medicine preferred Competitive salary, fringe benefits, paid malprac-
tice insurance. Send CV to Emergency Medical Group, PA, 1400 NW
12 Ave. Miami, FL 33136; or cal 305/325-1381.

FLORIDA, Okeechobee: Emergency physician needed to work in a I take 4
low-volume hospital near Lake Okeechobee. This rural area boasts , -,

great fishing and hunting. Excellent malpractice insurance providedh
Please send CV to Harriet Schwartz, EMSA, 8200 W Sunrise Blvd, a chanceBldg C, Plantation, FIL 33322, or call 305/472-6922. with your Ak

FLORIDA, Orlando; Young emergency group with immediate open-
ings for full-time emergency physician in ED and emergency clinic; US career .....
training and ACLS required, excellent opportunity in community hospi- Emergency Physi-
tal Send CV/inquiries to Jock Sneddon, MD, 6001 Vineland Rd. Ste Eenc Ps
108. Orlando, FL 32819, 305/351-6682 cian Associates is

FLORIDA, Palm Beach County: New group staffing two beautiful hos- with Emergency
pitals seeks board-certified/-prepared ACLS emergency physicians.
Excellent compensation and possibilities for advancement within the Medicine, Inter-
group Malpractice and other benefits paid. Work ten shifts/month and nal Medicine and
enloy this great area the other twenty. No administrative headaches. Family Practice backgrounds who are ex-
Individuals must have good people skills and experience in emergen- perienced and interested in a challenging
cy medicine. Submit CV with references to Medical Director, P0 Box
273503. Boca Raton, FL 33427 career in Emergency Medicine.

We are currently inten~ewing for posi-
FLORIDA, Panama City Beach: Associate director for moderate vol- tions in N.J., i., N.Y, De. and Md. p
ume walk-in clinic in beautiful resort community. Prefer US-trained
board-prepared MD or DO with family practice, emergency, or internal Send your C.V in confidence to: ,, V
medicine experience Guarantee $75,000 minimum plus percentage % e e.
of gross and buy-in after six month tenure Bay Walk-In Clinic, 2306 James E. George, M.D.
Highway 77, Panama City. FL 32406. Emergency Physician Associates

FLORIDA, Pensacola: Great opportunity for US-trained, experienced P0 Box 298 N
physician board certified/prepared in emergency or primary care Woodbury, N.J. 086
medicine For details contact John Hybart, MD, Emergency Dept, Or call Donna L. Wallace, Physician
5151 N 9th Ave. Pensacola, FL 32504; 904/474-7843. Recruitment at (609) 848-2088.

FLORIDA, Sanibel/Ft Myers Beach: Now seeking several full-time phy-
sicians for our two freestanding emergency centers in this Gulf Coast .._._.,
resort area Interested parties should send CV/inquiries to FEP Inc,
1349 Chalon Lane, Ft Myers. FL 33907 or phone Dr Gavin at 813/
482-8528 or 334-5334

FLORIDA, Tampa, Clearwater, St Pete: Join the growth of a dynamic
FLORIDA, Southeast Coastal Area: Unique opportunity for someone immediate care service network. Salary/early partnership options. US-
with internal medicine and emergency medicine experience. Expand- trained, board-certified/-prepared, or experienced primary care phy-
ing office based practice opportunity to earn $80,000 plus with equity sician, Florida license, good communications, excellent bedside
participation available Send CV in confidence to SRM & Associates, manner essential. Send CV to D Duncan, 804 Franklin St Mall, Tampa,
Inc. 1060 NE 28 Terrace. Pompano Beach, FL 33062 FL 33602. or call 813/229-0946.

FLORIDA, Tallahassee: Experienced emergency or family practice GEORGIA: Emergency physician position available with well-estab-
physician needed immediately for established walk-in clinic. Minimum lished and respected group, mid-state area. Emergency medicine or
guarantee with incentive bonus and partnership opportunity. Pictur- family practice experience preferred. Income $110,000 plus. Send CV , 40
esque state capitol with excellent educational and cultural oppor- with references to John R Vaughn, MD, P0 Box 77188, Atlanta, GA
tunities. Contact Jay Maggiore. MD. 904/234-8492. 30357; or call 912/922-0042

GEORGIA, Swainsboro: Director needed for 73-bed hospital with an
annual patient volume of 5,000 located in central Georgia. Short
distance from Macon, Savannah, and Augusta, and 90 miles from the
coast Golfing and wildlife hunting are readily available Independent
contractor status with competitive compensation and malpractice -
provided For further information contact Coastal Emergency Ser-
vices. Inc. P0 Box 925. Augusta, GA 30903. or call collect 404/
724-3368
HAWAII: Multi-hospital group has an opening for a full-time experi- -%."

enced emergency physician Recent experience or residency re- ,.--,"qured Send resume to Mr Stephen Goodhart Business Manager,

HawaY Emergency Physicians Associated. Inc. P0 Box 1266. KailuaEMERGENCY MEDICAL PHYSICIANS, P.C. HI 96734 808 261-3326 " "

EMP is an expanding physician owned IDAHO: Eight-man group seeking ninth physician Live near skiing

emergency group dedicated to excellence fishing, hunting and wilderness while practicing in two modern medi-

in patient care. Locations in Wyoming, cal centers, one is a trauma center with active EMS system Seeking
experienced EM physician preferably with administrative experience ",.

South Dakota, and Washington. If you have and EM certification Competitive salary malpractice, retirement, and

residency training and/or experience and other fringes Send CV to PO Box 2572 Boise ID 83701. or call 208,--

wish the challenge of participating in a con- 322-1730

genial quality group, send CV or contact us ILUNOIS: Emergency physicians needed by stable fee-tor-service
group located in central Illinois town of 40.000 Candidate should be

at P.O. Box 805, Cheyenne, WY 82003, or board certified prepared in emergency medicine family practice or

307/632-1436. internal medicine Salary $95 000 plus paid malpractice insurance
Early partnership 18 000 annual isits Paramedic program Send CV

_ to ACEP Box 922 PO Box 619911 Dallas TX 75261 9911
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ILLINOIS: Prvate fee-for-service group staffing 400-bed community
hospital seeks career-minded emergency physician to complete MERGENCY PHYSICuAN
group Active paramedic program and family practice residency pro- EM PI
gram Pleasant community of 90.000 centrally located with easy ac-
cess to Chicago. St Louis. Indianapolis. and Big 10 campus Good %
schools parks and recreation with active cultural groups Physician- D c s Hi
owned corporation provides life medical and disability Insurance. i
pension and profitsharing plans Income in excess of $90.000 Send Evansville, Iniana
resume to GA Snyder, MD. 1800 E Lake Shore Dr Decatur. IL 62521

ILUNOIS: Small Chicagoland group of emergency medicine spe- Our congenial, secure, stable group of board-
cialts ;s seeking board-certified -prepared or residency-trained phy- certified/board-qualified emergency physicians
sician New state-of-lhe-art trauma center EMS resource hospital. ,V :
moderate volune corrtorlabe pace Excellent compensation, guaranteed seeks an experienced, board-certified/-qualified or
salary and incentives flexible scheduling pleasant community residency-trained emergency physician. . 1
with hberal lifestyle Individuals interested in ED administration and the We service the emergency department of a 600-
development of new ED contracts are strongly encouraged to apply
Call Joe Danna MD Ron Kurzelka. MD at 815 937-2239 or 815 937- bed community/teaching hospital with 34,000 an-
2100 St Marys Hospital Kankakee. IL nual ED visits.
ILLINOIS, Champaign/Urbana: Full- or part-time positions available for This position offers excellent scheduling with an
career emergency physicians, flexible scheduling with opportunity to average 28-32 hour work week (8 hour shifts, week
work In Iospll emergency department or FEC Big 10 uriversity town on-week off) and a compensation package of .,-,
xith state-of-the art paramedic program Send CV to Mercy Hospital.
1400 W Park Urbana IL 61801 Contact G Rolh MD FACEP 217 337- $100,000 with eventual full partnership opportunity. _-
2131 Additional compensation is available should the
ILLINOIS, Chicago: Lmiergency department corporation needs full- successful candidate desire to rotate through our .. "
the ,enl urjericv physicians ABEM-certified or prepared to sit for three affiliated urgent care centers.
certi iaon to staff thiree 500-bed community hospitals in metro-
polilan Chica(go Good specialty backup Administrative positions For further information contact: "% -%
open to qu-lited applicants Excellent salary. benefits Send resume Peter L Stevenson, MD, FACEP
C) LMSCO I td 999 E Touhy Ave Suite 145 Des Plaines. IL 60018 P e mterenc
312 297-5620 Director of Emergency Medical Services
ILLINOIS, Chicago: Immediate opening available for full-time ener- Deaconess Hospital, Inc. - .

gericy physician in community hospial. North Shore suburb of Chi- 600 Mary Street
La(Io Ex(selerit compensation package including paid malpractice Evansville, Indiana 47747
ilsiranice Satelite. intermediate care/sports medicine and wellness
clni cs to inc:ude staffing for fall 1985 Qualified candidates should 812/426-3498 or 812/464-8942 (collect)
send resume to Craig Dean, MD, Medical Center of Lake County, 900
Garfield Libertyville IL 60048

ILLNOIS, Chicagoland: Established FFS corporation seeking board- ILLINOIS, Quad-Cities Area: Seeking emergency physicians with res-
certfied, prepared emergency physicians for community hospitals in dency training andor prior ED experience for both full-time and locum %
Chica(ro arid suburbs Directorship available to qualified candidate tenens opportunites in very attractive, moderate-volume facility Ex-
Highly developed EMS program Send CV to Emergency Physicians cellent nursing staff Directorship also available Competitive hourly
Group 430 Milwaukee Ave, Prairie View, IL 60069 Contact Ms Barbara rates, malpractice insurance, and flexible scheduling For more infor-
La Piana 312 634-4640 mation. contact Emergency Consultants, Inc, 2240 S Airport Rd. Ste

CHICAGOLAND AREA: Immediate opportunities for emergency phy- 101 Traverse City, MI 49684, 800/253-1795. or i MI 800/632-3496

sicians who possess excellent clinical and communication skills totoin INDIANA, Emergency Medicine Position Available: Opportunity for
lon(gbandfing group of emergency physicians Positions available in experienced emergency physician to join professional group practic-

Chicaqo northwest suburbs, far northern suburbs bordering Wiscon- ing in Hobart and Gary, Indiana Contact Dr Cornelius Arnold at
,n and popular Wisconsin area bordering Illinois If interested, send 312 747-7115
reciu to Barbara Wilczynski, Medical Emergency Service Associ-
rle MSlSC 15Bar 5r cynk eenrycRdy Stee.BuffaloGrve Assor- INDIANA, Central: Physician-owned emergency group accepting ap-
e, (M[.SA) SC 15 S McHenry Rd. Ste 2, Buffalo Grove, 11-60090, or pications for full-irne career-oriented emergency physicians Flexible
-al I,) lct 312 459-7304 work schedules and excellent benefit package Part-time and direc-

ILLINOIS, Galesburg: FuLA time and part-time positions available for torship positions also available Send CV to Margi Beeson. Midwest
f.llri oysccans Lxcellent compensation. 200-bed hospital. Medical Managernent Inc. 528 Turtle Creek. North Dr. Ste F-4. Indi-

I 0(1) roinfiIal vl Itc lImedliate posoitins available Contact Prakash anapolic IN 46227 317 783-7474
J Kh, MD 300 N Mair Ahingdon IL 61410 309 342-7678, or INDIANA, North of Indianapolis: Immediate fulltime position and di-
i 11 rec rolnp o.l-rtUntly available in newly-renovated emergency de- .

ILLINOIS, Joliet: Fiil tiri! poicithons available for career emergency partriert Hourly salary fl(exible scheduling, malpractice insurance .
i. ,i r .i!iii- lltrl It) iq ally care arid de parlrlierlil-community proiviled Locim lnorns opportunties also available For more infor-

il r h pirarniedii- System rledlcal staff develop- rialhion nact I Lriererilcy ConsuItants Inc 2240 S Airport Rd Ste
, .r d atio r.i . ,itah planning of new [.Dand primary 101 Traveri- City MI .1968-1 800 253-1795 in) Michigan 800 -

,Ill' 1 , , 1 ,l 1114' 1 ii rTifirIty ii oirce hospital with 11l specialty b-h.d 31196
k li ' frt ( ol MD 187? Briarwood Central Oak Brook IWtNA: Inrilile lil litte piil)ori avalable for enmer(grncy phyiciar

i i,(,.', ,I;' 0 , 4 4 f, .... i -I 1' 729-) 7'563'l ciff two, hospilais a Level II traiiia center and a re(ilorial recoure

ILLINOIS, Peoria: l/ I, i iro Irf,ve (comrnunity hospital centrally finiPitai inl Si ix Ciy ACL S Al S re0iiriI Lxceleiit taff Iiai-kip
, l " ,4,-e, ,..iil ,ii iod St I Cil is seeking an emergency wll, atlractive hsuirly wie( Serd CV Io Doii L, F oyle MD 21R SlW

-if ,i 15,,ir il i r -it, i ii rriergercy mes.icnepreferred Also Haiiilloti Blvd Si)iJi City IA 10411

, l l- i ir i fi ,rihnl I I, ri' nf ly medicine int( rrnal medicine, or IOWA: l of o(f q h))fh(o( I Io,, " Ill ()'- M( , , 1t!';!I~j
Ir ' lr.. h Po',,ilir available October 1985 Flexible In Adic pi t ric hCtr riiil , ;litiil iieit i , V I i .. M ri- l...... I,

, i t i * r, rlur,,iriuci (Ii ltitive corrpersatiorn Ex- Sc.l ll hiur, C mnolt itiv i(i lli lur leiq i i ii li ii Ii,,,
-- ,i ,i, v rd Firiwiq hffl Ip specialty backup moderate 6.574 Wi I I) Mix-; IA b ll-hO ii a ill , I- ,\

viinr. , vita In FI Garrell McGowan. Sr Vice Presi-
llr n P i,, r- r !( r., iv I -,'l,i;la "409 N Knoxville Peoria. IL 61614, LOUISIANA, New Orleans: PiIooi f(,r .,j h i, li- ,ir d l 1' 1 ,
io())h ! I, , [1.?)rrelparwd e mr( p ii( 
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2025 Gravier St, New Orleans, LA 70112: 504/524-6489

MAINE: Director of emergency department needed for modern multi- EMERGENCY
facility, 233-bed hospital system with multi-specialty medical staff
located in a progressive university town in northern Maine. Board- DEPARTMENT
certified/-prepared candidates preferred. Competitive salary offered OPPORTUNITIES
and excellent fringe benefits available. Please forward CV to Richard O P R U I E
Wilson, MD, Medical Director, The Aroostook Medical Center, PO Box Excellent opportunitips with dignaih: growving inipanv As one of
151, Presque Isle, ME 04769. the fastest grii -gED groups o A the West (Ciast. we offer subcontrac-

MAINE: Immediate opening for emergency nhysician. Prefer emer- tor status, paid malpraice, houry iniinun guarantee and percent-
gency medicine boarded or family practice/internal medicine ag.9 C:urrent iiomes ranging rrin $53,000-
boarded with emergency department experience for moderate-vol- $159,5i:

ume emergency department. Teaching opportunities for Maine- Portland - high volume directorship "V
Dartmouth FP residents, PAs, and EMTs. Located in Central Maine tEXAS
Lakes Region between the ocean and the mountains. Excellent recre- Greater Dallas - directorship staff positions
ational activities. Contact Marshall T Chamberlin, MD, 3 Colony Rd, El Paso - staff positirns
Augusta, ME 04330 207/623-4089 or 207/623-4711 ext 302. Greater Lubbock Area - progressive El) with good backup

Houston - directorshi pstaff positions
MARYLAND: Career-oriented emergency department professionals WASHINGTON
seek qualified physicians to staff emergency departments in Coastal Coastal area community
Maryland, southern Pennsylvania, and Washington DC area. Attractive CALIFORNIA
compensation package. Respond with CV to Sally Bowen, FEMSA, Ventura County - coastal ED
6227 Executive Blvd. Rockville, MD 20852; or call 301-984-0353. LA Area - Spanish language fluency preferredSan Luis Obispo - scenic oceanside community
MARYLAND, Baltimore: High quality group with two stimulating and Marin County - north of San Francisco
contrasting practice locationsincommunityteaching hospitals, seeks Kern County - high desert community near mountains
career emergency physicians. Modern facilities, excellent backup directorship

Calexico - low volume/easv coiniute from San Diego
Position entails clinical teaching and administrative duties. Excellent Sacramento - iv., hours to Lake 'llihoe'ski resorts
salary, benefits, working conditions. Prefer emergency medicine FLORIDA
board certified/prepared, residency trained in emergency medicine or GreaterTarnpa Area - 2 EDs in Gulf Coast cities
FP. IM, or GS with experience. ACLS. ATLS. Reply in confidence to * SOUTH CAROLINA
ACEP Box 877, PO Box 619911, Dallas, TX 75261-9911. Greater Charlotte Vicinity - direttorship'staff positions
MB N obFor more information regarding thfse or other opportunities, please %
MAR IYLAND, Baltimor~re: Night person/colleague sought by dynamic call or send your CV to: "
group based at two community/teaching hospital locations. If you are
that special person that prefers night duty and wants to be a full MEDICUS MEDICAL GROUP

1373 Post Streetmember of the "team," please contact us. Excellent salary, benefits, San Francisco, CA 94109
and working conditions. Prefer emergency medicine board certified/ (4151441-8232
prepared, residency trained in emergency medicine or FP, IM, or GS
with experience. ACLS. ATLS Reply in confidence to ACEP Box 876,
P0 Box 619911, Dallas, TX 75261-9911.

MASSACHUSETTS, Worcester: Emergency medicine attending want-
MARYLAND, Baltimore: Very successful, well established, indepen- ed at 341-bed major leaching affiliate of U-Mass Medical Center.
dent, fee-for-service group based in busy, modern suburban commu- 30,000 + visits/year, regional resource hospital. BC/BP preferred; aca- --
nity hospital, seeks career EM physician Competitive salary and demic appointment available for qualified applicants. Responsibilities
schedule. Board certified/prepared in EM or related field Immediate include teaching and patient care in concert with outstanding medical
availability. Send CV to Eric Toner, MD. Box 5488, Towson, MD 21204 housestaff EM residency planned July, 1987. Send CV to Gordon W

MASSACHUSETTS: Expanding independent group staffing emergen- Josephson, MD, Chief, Emergency Medicine, Worcester Memorial
cy department with 40,000 annual patient visits seeks additional asso- Hospital, 119 Belmont St, Worcester, MA, 01605; 617/793-6291. "
ciates. Family-oriented community within 30 minutes of Boston, MICHIGAN, Emergency Physiclans: Full- or part-time positions in rural
beaches, and within 90 minutes of skiing and Cape Cod Reply in southwest Michigan Competitive reimbursement; ACLS required,
confidence to Joel B Hellmann, MD, Director, Emergency Department, ATLS preferred Nice rural community Please send CV to ACEP Box
Bon Secours Hospital, 70 East St, Methuen, MA 01844. 617/687-0151 928. P0 Box 619911, Dallas, TX 75261-9911.

MASSACHUSETTS: 40.000+ annual visit emergency department MICHIGAN: Exceptional opportunity for career-minded, board-cer-
seeking full-time physician. Must have minimum three years ED expe- tfiled emergency physician Recent expansion in volume of this emer-
rience Prefer board certification Location Eastern Massachusetts gency department requires qualified addition to our experienced staff.
Please send CV on first response to ACEP Box 923, P0 Box 619911, Position offers excellent benefits and remuneration, as well as ready
Dallas, TX 75261-9911. access to Michigan's year-round vacationland For additional informa-

tion, please send resume or call, Louis E Zeile, President, St Luke's
MASSACHUSETnS: Full-time emergency and ambulatory care physi- Hospital, 705 Cooper, Saginaw. MI 48602. 517.771-6000
clans in Springfield, Massachusetts, area. Available July 1985 Emer-
gency department residency or experience equivalent preferred. Sal- MICHIGAN: Full- and part-time positions, including directorships,
ary competitive, excellent benefits. Contact James D Anderson, MD, available in our southeastern Michigan freestanding immediate care %

Emergency Physicians, Inc, PO Box 662, E Longmeadow. MA 01208. centers Paid malpractice and stock ownership included in an excel-
or call 413/525-1554. lent reimbursement package Write Family First Medical Centers, 325

E Eisenhower Parkway, Ann Arbor, Ml 48104, or call Margaret Turner.
MASSACHUSETTS: Immediate opening Excellent opportunity for 313,729-5780
board-certified/-prepared emergency physician. University-affiliated
community hospital 45,000 visits Desirable location 20 miles from MICHIGAN: Rapidly expanding group of emergency physicians with
Boston Highly attractive compensation package and schedule Send opportunities for qualified full-time and part-time physicians Salary
CV in confidence to T Blair, MD, FACEP, Chief of Emergency Services, with many fringes including stock in PC Send resume for complete
Brockton Hospital, 680 Centre St, Brockton, MA 02402 details MEDIC PC, P0 Box 1116 Grand Rapids, Ml 49501
MASSACHUSE'rs: lndependent group of five emergency medicine MICHIGAN: Residency-trained or board-certified emergency physi-,%

MASSCHUETT: Inepeden grup o fie eergecy ediine cian for full-time position in springo 386 Teaching hospital To loin well-residency-trained physicians seeking a sixth member ED volume of established group in southwest Michigan Outstanding residential
20 000 serviced by Cape and Islands EMS system. Guaranteed sal- ctynd uperlatvertinai and utuadoprtescommunity and superlative recreational and cultural opportunities
ary and comprehensive benefit package are competitive with area
Coastal Iocation with easy commute to Boston and Providence Send Please s V E 9 B 9 l
CV to ACEP Box 820, P0 Box 619911. Dallas. TX 75261-9911, or call 7526-991
617 758 2235 MICHIGAN: Urbanisuburban community teaching hospital Career
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Aciduf: I" aIpo~ir I"n t I I, okI If MichfIgan Stale JfI 'i. ,V I Ed, It
for qualified ndfividuals ED is mnedical contr6 for county ALS systeirr rlM ERGENCY Group has newly estabished urgent care center and excellent corn- % .

DEPA 1~1EIllpensation Contact GM Mailman MD. Dept of Emerglency MedicineDE A M N517 776-8200. or AJ Ziner 517 776-8300, St May Hospital 830 S ' ,J,,

Jefferson. Saginaw. Ml 48601 d,%FACULTY POSITION
MISSISSIPPI, Greenville: Delta city of 50 000 surrournded by lakes and !. A

recreational areas Flexible schedules will accommodate vacations
The Emergency Department of Albany Medical Cen- and hunting season Income range of $80-100.000 depending on .
ter Hospital is recruiting for a full-time faculty posi- pathology and volume. Busy ED wth high degree of trauma sees %
tion effective July 1,1985. Albany Medical Center is a 18.500 p ents per year and has shown steady growth since 1976

major regional referral center located in the state New 11.000 sq ft department in 250-bed medical center which serves ,
capital. The 800-bed main teaching hospital of Al- as EMS satellite center to University of Mississippi ED sees 98% of .bany Medical College, AMCH is a regional trauma patients with excellent medical staff backup This is a fee-for-service
center with an active helicopter transport program. opportunity where income potential is not limited Fischer Mangold
Responsibilities will include teaching medical stu- provides most malpractice coverage, CME. potential group incentive
dents, interns, residents and physicians assistants after 3 years, and directorships with incentive base Contact Ken
as well as the treatment of major medical and sur- Baker. Director of Physician Recruitment Fischer Mangold Group. PO
gical cases. Box 788, Pteasanton. CA 94566 800227-2092 in California 415-

484-1200Candidates should have completed an accredited
residency training program in emergency medicine, MISSOURI: Associate needed for very busy family and occupational
medicine or surgery and be qualified to accept an practice located in northwest Missouri Guaranteed minimum com-
appointment at Albany Medical College. Working pensation plus substantial incentives and benefits Excellent potential
experience in a large teaching hospital is preferred. for equity position for the right individual Consideralbe growth and
Interested individuals should send curriculum vitae expansion opportunity Career-oriented physicians send resumes to . , %

to: Health Innovators. 8550 NW 48th St. Ft Lauderdale FL 33321 305

Nicholas Nehrbauer, M.D. -. 1"-
Director, Emergency Department MISSOURI: Well-qualified emergency physician needed for a full- ., ,

service, acute care facility which has a service area population of
95 000 Emergency department patient volume is approximatelyA m e 12.000 annually. arid the total compensation package is approx-

Ilk imately $85,000 annually For additional information. please send CV , ,V,
to Cecelia Cleary Emergency Medical Services 3212 Central Ave -

New Scotland Avenue Kansas City MO 64111. or call 800 821-5147 or 816 561-1025 .-Albany, New York "*
(518) 445-4378 MISSOURI, Springfield: Nine-man group desires a lenith person to staff

affam aftion/equal opptv employer the emergency departments of Cox North (300 bed) and Cox South
(500 bed) Above average salary plus 15% profltsharing plan Life, -

emergency physician Prefer ABEM cetified /prepared Department medical and disabilty insurance and a medical reimbursement plan
provides medical conrol for ALS system Attractiye compensation Five weeks paid vacation, an average 37-hour week Malpractice
package Send CV to Joseph L Schirle. MD. Pontiac General Hospital. pad Shane L Bennoch. MD. Emergency Dept. Cox Medical Center. .- .%
461 W Huron. Pontiac Mt 48053, or call 313857-7440 1423 N Jefferson Springfield. MO 65802, or call collect 417/836-3193 .4. -

MICHIGAN, Ann Arbor/Detroit Area: Looking for career-oriented emer- (office) or 417 753-2683 (home) 4,,.

3ency physicians board certified prepared in emergency medicine. MISSOURI, St Louis: Full-time staff and directorships exist at five new .,

internal medicine. surgery. or family practice Directorships with sti- St Louis metropolitan area health-care facilities Openings include
pends available Excellent compensation including malpractice insur- hospital-based emergency medicine positrons. HMOs, or freestand-
ance Contact Emergency Consultants Inc. One Windemere Pi. Pe- mg urgent care centers Benefits include flexible scheduling. com-
toskey MI 49770 800 253 7092 or in Michigan 800.632-9650 petitive income professional liability insurance, moving allowance. .

MICHIGAN, Detroit Area: Fultime positions available at 24.000-visit
coolmrrity emergency department Contracting group operates f55E*Yfffl"'
Class I trauma center in area and university emergency medicine I-EE"-E"N-
residency program Fee for-service coOmpensation with occurrence -hI ""%aa,
based malpractice provided Contact Brooks F Bock MD,Medical PHYS IIA.
Center Emergency Services PC 4201 St Antoine. Detroit, M1 48201 PHYSICIAN
313 494-3330 New Yorik WhyMt Ar
MICHIGAN, Flint: Residency-trarned or board-prepared physcian FULL-TIME ."." "4
needed to loin full fee for-service group Compensation over $90K plus We currently have an opportunity available
benefits 33 500 annual visits in established residential area adlacent I P .hi o
to University of Michigan-Firit campus Centrally located to Detroit. for an Emergency Physician in our dynamic,
Ann Arho: arid recrealional areas Send CV to SJHS Emergency busy, voluntary teaching hospital.
Services 12426 Mocen Dr Grand Blanc MI 48439 313 694-3921 To qualify, you must be board prepared or . "-
MICHIGAN, Grand Rapids: Well-established group needs additional certified in emergency medicine. You

rneriber for full-time position 350-hed hospital with 30 000 visits per shoud enjoy ndv n ho nterestiteoch- e
yvar ED group all board certified in emergency medicine Excellent ing and supervising house staff as these
reirlurieration and pension plan in congenial group Applicant must be duties are required.
re,dencv trained in emerrtency medicine or board certified in emer- We offer an excellent salary with incentives
ro icy riediCine City has many cultural advantages and west Michi- and liberal benefits which include molprac- "" "

gan area , exceptional for its recreational opportunities and outdoor tice insurance. For confidential considero-
sports; Send CVto William C Daney MD Chairman, Dept of Emergen- topes edyu eue nldn
cy Medcne St Marys Hosptal 200 Jefferson. SE Grand Rapids. MI ton, please send your resume, including
49503 phone 616 774-6789 or 616.949-9536 salary history to:

MICHIGAN, Saginaw: Opportunity for EM residency-trained or highly St. Vincent's Medical Center of Richmond ".
experenced emergency physician to join progressive, established 355 Bard Avenue* Staten Island, New York 10310 Ze
tiV Man group covering 255.bed teaching hospital in new ED Hospl- Attn Ann Marie McGrath .4. ,
ta! provides tertiary care for trauma neurosurgery, and burn patients Equal Opporunity Employer
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We also have immediate need for an
' SARATOGA HOSPITAL is a 253-bed community EMERGENCY DEPARTMENT

hospital located in Saratoga Springs, New York, S PHYSICIAN
famous for its health, history and horses. The uni- S A P ICIAN
que environment provides a rare opportunity to ...who is Board certified or admissable, %
combine professional practice with an exciting preferably with emergency department
and interesting lifestyle, experience.
We are currently seeking a Board certified or Qualified applicants should apply by resume in
admissable Medical Director with at least two confidence to Wilfred J. Addison, C.E.O.,
years emergency department experience for a
30,000 visit per year service. The Director will
have administrative responsibility for providing SARATOGA HOSPITAL
professional direction to a multi-disciplinary 211 Church Street
Emergency Department staff and will supervise Saratoga Springs, New York 12866
all Emergency Department Physicians. An Equal Opportunty Employer

* CME tuition, ACLS, ATLS. and ACEP membership dues reimburse- prepared in emergency medicine, family practice, internal medicine.
ment For details contact Debbie Kotaki. Spectrum Emergency Care, or surgery with minimum of two years emergency department experi-
Inc. PO Box 27352, St Louis, MO 63141. 314/878-2280 or 800/ ence Liberal salary and benefits package Send CV to Joseph J
325-3982 (toll free) Levinsky, MD, Director Emergency Services, Memorial Hospital of

Burlington County. 175 Madison Ave, Mt Holly, NJ 08060 Equal Oppor-
MISSOURI, St Louis Metro Area: Need BC IM, FR or EM physician for tunity Employer M'F
moderate vo ume Illinois ED ACLS required, ATLS strongly recom-

, mended Expanding organization with ED and industrial medicine NEWJERSEY: Full-time position 370-bed acute care hospital in north-
exposure Opening in September. For further information, send CV in ern New Jersey/metropolitan New York area located five miles from ,

confidence to ACEP Box 934, PO Box 619911, Dallas, TX 75261-9911. Manhattan. ED volume approximately 21.000 Paramedic base station
MONTANA: Expanding physician-owned emergency group has open- with backup in all specialties FFS group $90,000 first year for 36-hour

week plus 10 hours month administrative duties Partnership FFS sec-ing for full-time career-oriented emergency physicians in western ond year Expansion into satellite facility expected this year ABEM- -
Montana Flexible work schedules, excellent working and living condi- certified or emergency medicine residency-trained physicians only
tions Contact Donald Cantway, MD, or Sheldon K Truax, 307/745- Prefer current NJ license Reply in confidence to ACEP Box 910, PO
3169 or send CV to IntraWest Medical Services. PO Box 1649, Box 619911. Dallas, TX 75261-9911
Laramie, WY 82070

NEW JERSEY, Central: Full-time position for a physician BC1BP inNEVADA, Lake Tahoe Area: Board-certified/-prepared emergency emergency medicine or a related specialty with ED experience

physician needed for moderate volume emergency department. Fa- 37.000 + visits year in a 420-bed major leaching affiliate of UMDNJ e
cility is base station. Excellent staff backup. Fee for service. Paid Rutgers Medical School Double coverage for twelve hours/day Resi-
malpractice Please send CV to Dr Richard Harvey. Carson-Tahoe dent and medical student teaching plus involvement in regional EMS
HospitalEmergencyDept, 1201 NMountainSt. CarsonCity. NV89701 necessary Starting salary approximately $92,000,year Send CV to

ACEP Box 931. PO Box 619911. Dallas. TX 75261-9911
NEW HAMPSHIRE, Concord: Emergency physician to help man hos-
pital-based urgent care center and rotate through busy emergency NEW JERSEY, SOUTHEASTERN PENNSYLVANIA: Expanding group
department 300-bed Level II trauma center Competitive salary. Send needs full-time career physicians ATLS. ACLS and experience re-
CV to Concord Emergency Medical Associates, Concord Hospital, quired Competitive salary plus excellent bienefit package Send CV to
250 Pleasant St Concord, NH 03301 ECEP, 75 Atsion Ct. Medford NJ 08055

NEW HAMPSHIRE, Manchester: Full-time position available July 1984 NEW MEXICO, Northwest: Immediate opening for nuaiified physician
for experienced ED physician Prefer board certified or prepared. One in Level II traurra center in the beauiful Four Corners area of New
hour from Boston or the White Mountains Modern Level II trauma Mexico Recreational opprirltiles abound Excellent compensation
center 27 000 annual visits. excellent compensation Send CV and package Board certified prepared appi cants send CV to JE Nord- '.
contact Jim Young MD Elliot Hospital 955 Auburn St, Manchester, strom. PO Box 1397 Farrirrlon NM 87499 or ca!l 505 325-1836
NH 03103 603 669-5300

NEW MEXICO, Silver City: September opening for board-qualified or
NEW JERSEY: Career-oriented emergency medicine practitioners experienced emergency plhysican to join req iona, rnedicai center ED
wanted for tl tIme positions in emergency departments in northern group Immediate paria l artrerstqip n el 'el growth potential
and central New Jersey Certification or qualification in emergency beauiful envirerient 10 rvns 0rile ridius preeh(,,pital leaching
medicine or related specialty required fill-tirne emergency experi- opportunity Wlianr Ni,,v M) Box 3050 Si ver C'lv NM 88062 505 1-r
ence preferred Send CV to Emergency Medical Associates of New 536-9949
Jersey. PA 651 W Mount Pleasant Ave Livingston, NJ 07039, Attn NEW YORK: nrnedl,-i, , 1i)(s for fijil! tim( oard-certified -pre- .
Louise Pirone pared energnency pny,i, . iri Prefer LID residency trained. ACLS AILS %NEW JERSEY, Emergency Physician: Immediate opening for full-time certified Progressive wt, oemeped 300 tied On(mtinly hospital in %
emergency physician Board certification or residency training in beautiful northern WtI ( ,ii'r Coirutl wilh 23 000 ED visits year 35
emergency medicine preferred Partnership available in independent miles frorrn NYC 20 r-lm,, 1roiru I- l SeLAnId [ xcillent salary and fringe
fee-for-service group in one of New Jerseys most prestigious hospitals beniefits Send CV li l/mmimrr Mair ms ML) Chief Linergericy Depart
located in northern New Jersey Excellent compensation Reply in ment NorluirrtWi Wti m, Ii ( ,'rhr Mt Kimi, o NY 105,19 91-4
confidence to ACEP Box 933, PO Box 619911 Dallas. TX 75261-9911 666 1776

NEW JERSEY: Full-time and part time emerqency department posi NEW YORK, New Paltz: ,, 11(l l , oi ,r (l or re ,idrncv "
lions in new ED of 410 bedJCAH accredited h,-)sptal Board certified trained pimyccuiri.. A1 in' C, I I, I , 

m
tt, , lime ,irt fEC rr
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beautiful Mid-Hudson Valley. 80 miles from New York City Start date is -

July 15. 1985 Package includes health, life. disability, and malpractice , .F,
insurance. $30hour Attractive scheduling and potential profitsharng.
Send CV inquiries to Gary W Greer, MD. RD 3. Box 44A. Cogan lc, 1-4
Station. PA 17728, 717,494-0420 M,, _
NEW YORK, Rochester: 400-bed university-affiliated community A Physician Partnership
teaching hospital seeking experienced or residency-trained emer-
gency physician Department sees 40,000 patients per year. New Directors and Staff Physicians
physical plant in planning stages. Salary and starting date negotiable. MD R
Send CV in confidence to Richard S Krause. MD, Director, Emergency MED GROUP, a physician partnership committed

Division, Department of Ambulatory Services, The Genesee Hospital, to leadership and excellence in the practice of
224 Alexander St. Rochester, NY 14607 emergency medicine, is seeking to affiliate with

NEW YORK, NEW JESEY, PENNSYLVANIA: Excellent opportunity for qualified physicians on a full-time and part-time

career-oriented physician preferably with training in surgery and/or basis. Positions are available at suburban locations

emergency medicine and two years experience to work in pleasant in northeast Ohio and California. MED GROUP
atmosphere of freestanding emergency treatment offices. Competitive offers a superior compensation package including
salary and benefit package Medical director positions available. Con- guaranteed base salary and bonus (Total compensa-
tact Richard L Levine, MD. President. PnMed, Inc. 2500 Brunswick tion for Directors: 90K-150K; Associate Directors
Pike Lawrenceville. NJ 08648. 609/771-6663 and Staff Physicians: 70K-100K), four weeks vaca- % r

NORTH CAROMNA: Community-oriented emergency medicine group tion/conference time, malpractice insurance, plus
seeking career full-time emergency physicians for coverage of two other benefits. . . .

local hospitals (each with 16.000 ED visits/year) in NC foothills Excel- Outstanding physicians are eligible for partnership -a t
lent salary and benefits Must have excellent PR abilities and be willing status after one year. Our physicians have flexible - ,
to live in area and support hospital and community interests Respond work schedules, peer interaction and multiple ave-
to Mountain Emergency Physicians, PA. 215 Willowbrook Rd. Lenoir, nues for career development. MED GROUP will %
NC 28645. 704.758-9583 help you achieve your personal and professional

NORTH CAROLINA: Emergency department positions available goals in the field of Emergency Medicine. % %
throughout the scenic Blue Ridge Mountains of western North Car- For more information, send your CV to:
olina A paradise for those who enloy skiing, hiking, canoeing, and Nip

fishing Easy access to major cities. Low and moderate volume facili- MEDGROUP
ties with good medical staff support Excellent compensation and P.O. Box 269 f
professionai iability insurance provided Independent contractor sta- Brewster Mansion on Hudson Square
tus. For further information contact Doug Riley. Coastal Emergency Hudson, Ohio 44236, (216) 656-1957
Services, Inc, Ste 217, Executive Park, Asheville, NC 28801; or call ..
collect 704/253-1256 IN

NORTH CAROLINA: Emergency physician sought for 500 + bed Emergency Services, Inc, PO Box 2508, Durham, NC 27705; 919/383-
teaching hospital Will work with five other physicians to handle a 0367.800/672-1665 in NC 800/334-3306 in US 2
patient load of approximately 35,000 patients annually, primarily trau- 0
ma Board certified/prepared in emergency medicine. Centrally lo- NORTH CAROUNA: Modern 166-bed hospital, less than one hour from
cated between the mountains and coast, with access to the Research the North and South Carolina beaches and major university, needs full-
Triangle facilities and three major universities Abundant cultural and time emergency physician Good medical staff support 26,000 an- - -

social opportunities Competitive compensation package Send CV to nual ED visits. 12-hour shifts with physician assistant support Inde-
Nancy Nelson. Personnel Recruiter. Wake County Hospital System, pendent contractor status. Competitive compensation with malprac- ,
Inc. 3000 New Bern Ave. Raleigh. NC 27610, or call 919/755-8140 An tice insurance provided. Contact Coastal Emergency Services, Inc. ,
Equal Opportunity Employer PD Box 2508, Durham, NC 27705 919/383-0367 800/672-1665 in NC. .

NORTH CAROUNA: Full-time. career-oriented emergency physicians 800/334-3306 in US - .
are now being sought for positions in medium-sized, full-service NORTH CAROUNA: Physician to loin established group in historic .p" "
hospital (300-550 beds) with active emergency departments, piedmont town short distance from any of three major cities Busy ED -
(25.000-35.000 visits per year), as well as in freestanding (private) with new modern facility US educated with residency or experience in
EmergiCenters Involvement in management. pre-hospital (EMS) sys- emergency medicine or family practice preferred Competitive com- .
tem and resident teaching is available and encouraged Excellent pensation including malpractice. Flexible schedule Send CV or con-
salary and complete benefits are provided to the members of this tact David Skowronek. MD, 11 Spicewood Ln. Salisbury. NC 28144.
stable group of emergency physicians For more detailed information 704/636-7044.
please respond with complete CV to SEMA, PA, PO Box 12322. Ste 3.10 Park Plaza, Research Triangle Park, NC 27709 NORTH CAROLINA, FayetWevlle: Seek physncian, director and staff

physician to complete new full-time emergency department group at

NORTH CAROUNA: Full-time emergency physician needed at 100- new, private, community hospital with good working conditions and full .

bed hospital located one hour from Raleigh/Durham area and near specialty backup: prefer ABEM cerhified /prepared with ABFP. ABIM, or '
large recreational lake in small pleasant community. 12,000 annual ED ED residency plus full-time experience, competitive salary and bene-
visits Excellent medical backup Competitive compensation with mal- fits ground floor opportunity in growing ED Please contact Douglas I iyi,,
practice provided Independent contractor status For further informa- Hammer. MD, PO Box 30788, Raleigh. NC 27622. 919'848-4757
lion contact Coastal Emergency Services, Inc. PO Box 2508. Durham. NA oren
NC 27705. 919 383-0367, 800,672-1665 in NC, 800/334-3306 in US NORTHCAFINA, High Pin: Seek career-oriented emergency phy-

sician to loin full-lime emergency department group at 300 - bed % '
NORTH CAROUNA: Full-time emergency physicians needed for 160- community hospital with good working conditions and full specialty
bed hospital with good medical staff support Located close to Char- backup. prefer ED residency, family practice, internal medicine board
lotte and 1 2 hour from the world-famous Pinehurst and Southern Pines certification plus full-time ED experience, competitive salary, bonus
golf courses 16.000 ED visits annually 24-hour shifts Competitive plan and benefits, outstanding opportunity for well-qualified indi- '."-
compensation with malpractice provided Contact Coastal Emergen- vidual Contact Jeff Tope. MD. PO Box 5309. High Point. NC 27262, .

cy Service.. Inc PO Box 2508. Durham. NC 27705. 919/383-0367. 919 292-4430
800 672-1665 in NC. 800,334-3306 in US NORTH CAROLINA, Lexington: Residency-trained physician in inter-

NORTH CAROUNA: Medical director needed for 135-bed hospital nal medicine emergency medicine, or family practice for modern
with excellent medical staff support Located 45 minutes from Char- hospital with 21 000 emergency department visits per year Also,
lotte where excellent shopping educational and cultural opportunities urgent care work avaiiable Competitive salary and benefits Locum ,..%
abound 13 000 ED visits annually 24-hour shifts As director benefit tenens or full time available Send CV to FESPA, PO Box 5856.
package and malpractice insurance are provided Contact Coastal Winston Salem NC 27103
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sation packagqe approxinlraleit 100OK P~c s : '

tinie Good Iit C'i al backup [Dot ole Ciover a i ~ It T, ' ii 12 t II

Oklhomtisuranceo antd pernsion plarn provided Opour )r ',, trii it, ,u'Givafiter 1 year P-ease send CV to Allan Pat se:r IO IUbi' I- , ACanI Gie ou Cincinnat, OH 45224

OHIO, Cleveland: Our ciseoact1 is ip Myi. Lt-t- Cr

.%mehigoperates freestarid~ rirgent care Centers atnd ai so stiali5-0.IaTo S metingerergency depalynells Our first urgentl care? center is one of iftleToW rite Home About additional cL-iters wihin the next 12 month s We ofler the oprtnt
Likemor thn amillon cre ofwatr an moe soreine of practictng emrergency medicine tn a pleasant anid Suipportive atmo
Likemor thn a illon cre of ate, ad moe soreine sphere wtth att attractive case mix and lop notch stall You work nard

than the Atlantic and Gulf shorelines combined. Water for but have regular tours ari art excellertt salary After we both have nad
swimming, boating, skiing; fishing, canoeing or sailing, somte expeCriec 0000 le 1fthere l ims opportunty for stocik particiption

A healthy lifestyle; plenty of room to grow Excellent schools tn our orgarnization it you. want to concert rate or prac~tiitI ineitdictrie
whose students consistently score above the national average, arid earn a good itrrcori rl without the rias soI- and expen se of rurrirtg art
Abundant natural resources. Central location. Temperate cli office thern trtts rart be the oIpporturtty for you Please send CV to
mate. An industrious labor market that is among the most MocaEr-i-rySrvesnc63Rcko dte1rt.
productive and highly skilled in the nation. perldorce OH 44131 or cal 216 642 14100

Need full-time physician for our second IFEC. Board-certified OHIO, Cleveland and Suburbs: Ermergertcy group practice seeks full
-yor prepared in EM or FIP tieand part- lite phySi arts for u.rclerr care (,rnters Send resume to

Join a well-established, stable group practicing quality emer- P0 Box 30569 Clevelattd OH 44130
gency medicine in Oklahoma's beautiful Green Country. Affi OHIO, Marion: L!lhiri trd wer ov ti dr.ittihspll: gro up s
ated with the largest hospital, busiest ED in the state: top quality seekirng arn addiltrri f-rper Orteti eeriIe OItrsa fur a p~ost
support staff. lion tin a 122 hed tertiary care Itospla. ororgeric dei'parn!i Atrtr,ai

Tremendous growth potential. Administrative and teaching patil VOIuuTrru 10 000 12 000 N1w roderr. E U L ~Orr plwei Irt
*medical students residents if desired. 1981 Exce i(tent Ir~irte'f-U Jict onevwIn irice-r it i c o.()frr perlttolin pro

To begin summerl1985. Excellent salary and benefit package. rgrarn plus paid proes-,ortal labilty rrIsIJrar c Contact LMS 4010
%Contact Dr. Howard Roemer, Medical Director, Emergency Dupornt Circle Ste 700 Loiusvtile KY 10207 or a~i i oi free

Care, Inc., 2929 S. Garnett, Tulsa, OK 74129. (918) 665-1520. BOO 626-2040
You'll find Oklahoma really is something to write home about. OHIO, Massillon: Furi -tirr e pois.Iurli.~f itio.f i" ,.-jt(I

hospital with a rmotderrn arid new errerger cIt Mi I, tI, 1.v

years LM experierice reguired alongl with ia ,,rrt't Ori,'
ACLS arid AU S certificates Lxct' errwir ar.i I t t, ( .rIt

NORTH CAROLINA, Raleigh: Seek career-orrenited emiergency physt- rtCUletrr vilal- to Dructitr uf Lit-Irto V DtI, Itt-S V
crari to join full-time emergency department group at excellent private. murstylifospitl Massilon OH .146,16 o)r ~ ar0 H C i 7 .~J
community hospttal with good working conditions and full specialty LOE mn f
back-up university affiliattons encouraged, prefer family practice. OHIO, Metropolitan Cleveland and Northeast: 0 retoerir v.1' r 'r
internal meedicine board certification or ED residency plus full-time ED physicians Seek board-certified -prepirerl tn n eI' 'i 1. , I
experience, competitive salary. pension/profit snaring plan, and ex- staffing of urban and subuirbani hospitls Ere tiir. ,. c
eel lent benieftits, outstanding opportunity for welt-q Lial ified individual tig or at least Ithrein years ex pertirnce tit r eri-rii -i .-1 r11 lflt
Please contact Douglas I Hammer MID. PO Box 30788, Raleigh, NIC recomned Keert interest iii coritiniuiirqlucdiorlti d- 'i-il I_,!pU
27622. 919 848-4757 ratin offers superior curripowiii-rl iit heniis Iiaic..i t- '.t i ' i

OHIO, Assistant Director: Local (one hospital) emergenrcy medicine fits ictidle mrarpractice nearth, ie lerita. arid dr-_jitS yiirIt
griotup. mnagirng 16 000 annual visit ED in a 240-bed community penion attd I rof it sharinrg plaits atid ei iat i)i 's rl
rhospital. is seeking full-time assistant director Hospital is located irr Advanicerrenrt to shiarehtolder slattis wirth wrlir '. f 'in ( 'fr of

srrirniuritty nf 40,000 residents arid is one of the wealthitest per capita porate deirt-ini r r ik till tor thise wito exite Ti ho - 11r10tI i .I~-i

areais itt ite state Assistant director will assume several administrative ortolystru~ctured witl olpmrlttrrIlv fir idvrit-,itrik nt I iIi i
ditties in department arid assume acting directorshrp when current rtis Otttstantinil [)w,1110,1 for wel (JL~Iilt'it air, !IIVMA Fii-end
director is out of town First year compensation of $84,000 plus an CV toi PO Box 30569 Clever,irrd OH -1-1130 L'1 8-I.' t19

ex~ellernt benefi package for averagel .2-trour week Junior part- OHIO, Northeast: Ai ierric r rilitori yq'ekiitlIitiIIr-q'ni ifid
s:rnrnthil will be avail ible after six monthIs arid sorOr partrntorshipte Pedtc Ire to~ii

two years Please send CV to [Dariel Stern arid Associates The Medi r(i diii p rotlIf~i -11 5110 volii' Coruri I- ft- 'ii-r I , tit,
01.l Ceter FEil Sic? 240 211 N 0ihitlielil St PtttsbUtrrtr PA 15206 or ',iti tk ie itn t - iO(10P ' ii i i
t(IIJiire directry by oa rll 800 438-2,1176 or itt Pernnsylvanria 4112 iot'tlft C(Jti-,it 011 i 1-11,i0 'it riw ii.1 6 - 07171 nIl t .1ilt1
363 9700

OHO:Ne itsptatr Istrwr UA rertredSteirs esord OHIO, Northeast: PC( [31" int it r.'iiit rli'd'riil' r
OHIO: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i Ne -,jia n (Lrlw U A ie dn dsres rsoe I i' y i to ( I (j ''ll1 "'iilrtii I. I- ),itvt f t, iiiiii it 1'' i D) if) 0(11

rtr,i ori ,str rininr i iii'itir with ',e'vetl I itliqti aindt turitvel'Ist in

htilier 900( 1 1)001 tiiet, liet tritih wrtiill) lo rteil staff backiUk

iot [ Ki ru i tirit tfn fIr otrrtn (Irotti/l r, .ini errn ifl i(mirtitii OHIO Nrorth~east: 11it I t I l ii J~ i l it' 1ti , .I -I ' -iirlitrt

%flef itt sirvil( r- ifu i' nuti t i irr i lf p i it'.ii Wi- it- i ,itoriwije PI ' (II il'-it

it ~tttirir 7s)trilii tll'ittIq~i-iii~iit t OHIOSouthwestern: v -i~ ' . ' - i'i

Dte itt( c~ PhI'(ii He*,tif fitter'Iw I(iJ(roiP

in I' ~i- r- , t ~i li 'i) If iilt f ill') I is' ir i I( i tiill - - - - -Imt -

* t A..'. I (0.Annals of Emergency Medicine



able now with tee-for-service emergency medicine group at 454-bed
teaching hospital with approximately 40 000 emergency department
visits annually Prefer board-certified -prepared physician in emergen-
cy medicine. internal medicine with ACLS AILS certification Com-
petitive salary paid vacation and conference time. proftsharing and %
other fringe benefits Send CV to Emergency Medical Associates. Ltd.
15th & Upland Ave. Chester. PA 19013. or call 215 874-8177

PENNSYLVANIA, Northeastern: Opportunity for a career-oriented

emergency physician in a busy ED with medical command to ALS
unit Located on the Pocono northeast of Pennsylvania Malpractice
paid. subcontractor status Candidate must be board certified pre-
pared EM or FP and ACLS certified Mail CV to AES. Inc. P0 Box 2510. e %

ATTENTION EMERGENCY GROUPS! Wilkes-Barre, PA 18703 or call 717,825-5333

PENNSYLVANIA, Northwest: Immediate full-time and potential direc-
Large national emergency finn seeks mergers/ torship opportunity available in attractive location Hourly salary flexi-
acquisitions with locallregional groups ble scheduling, malpractice insurance provided Locum tenens op- -

portunities also available For more information contact Emergency
Consultants, Inc. One Windemere PI. Petoskey MI 49770, 800 -. "

Opportunity to gain support services 253-7092, in Michigan call 8001,632-9650

PENNSYLVANIA, Philadelphia: Due to recent growth in suburban Phil-
-marketing adelphia, a director and staff physicians are needed for two moderate-

-nursing &physician education to high-volume hospital-based emergency departments In addition

-financial consulting to a competitive income and flexible scheduling, we are offering paid
-malpractice insurance occurrence malpractice coverage, relocation allowance, CME tuition.

licensing fees, and ACEP dues reimbursement Board qualification or
certification preferred. For details contact John Dammrich. Spectrum

Option for group to retain local control if desired Emergency Care, Inc. P0 Box 27352, St Louis MO 63141. 800.
325-3982 314/878-2280 -. "

PENNSYLVANIA, Philadelphia: Full-time position in major university- ." ,
Write or phone Allan Rappaport, M.D., National affiliated hospital. ED seeing 27,000 patientslyear Staff physicians
Emergency Services, Inc., PO. Box 156, Tiburon, CA have faculty appointments with responsibility for patient care and
94920415/435-4591 supervision of housestaff and students. Seeking board-certified,-pre-

pared candidates in emergency medicine or primary care specialties
with ED experience. Contact Laurence Gavin. MD. Director. Emergen-

Tulsa has access to all types of outdoor recreation Send resume to
Eastern Oklahoma Emergency Physicians. Inc. 1923 S Utica. Tulsa, 1"
OK 74104 or call collect 918,744-2969 ALBERT Al
OPPORTUNTImES: Nationwide for directors and staff emergency phy- EINSTEIN '. Vsicians in private group, academic or hospital based practices Excel- ,x'',"
lent guaranteed salaries and benefit packages Forward CV with C
objectives and geographic preference to Physician Registry, Emer-
qency Medicine. PD Box 1336, Findlay, OH 45840

OREGON: Full-time emergency physicians needed for northeastern

Oregon location Well-equipped, well-staffed emergency department %
patient volume 10000/year Hourly compensation; malpractice pro- CHAIRPERSON
vided Superb recreational opportunities Send CV to L Poschman.
Physician Services. Northwest Emergency Physicians, 11808 Northup DEPARTMENT OF
Way, Bellevue, WA 98005:206/828-6799 DEPARTMENT-O
PENNSYLVANIA: Emergency physician system. Needs several full- EMERGENCY MEDICINE
time emergency physicians for western Pennsylvania area emergency The Albert Einstein Medical Center, Northern Division,
departments Independent contractor arrangements. The system is a 600-bed multidisciplinary acute and tertiary care
on afee-for-service basis. Contact 412/228-3400 for interview appoint- facility, which is the largest teaching affiliate of the
ment Temple University School of Medicine, seeks to recruit

a Chairperson for the newly created Department of
PENNSYLVANIA: Immediate full-time opportunity for a physician in a Emergency Medicine.
175-bed community hospital emergency department with approx-
imately 25 000 annual visits Located 20 miles northwest of Pittsburgh The department sees over 40,000 patients each year
and ten minutes from the Greater Pittsburgh Airport, Aliquippa Hospi- and has a major commitment to clinical care, teaching
tal is a progressive community hospital. Emergency department expe- and research. Kindly submit your curriculum vitae to:
rience required Board certification preferred for this position Coin-
petitive salary, excellent benefits, and paid malpractice insurance PETER MAMUNES, M.D.
Send CV to William Donatelli. Aliquippa Hospital, 2500 Hospital Dr. Chairman, Department of Pediatrics
Aliquippa. PA 15001 Chairman, Emergency Medicine Search Committee

PENNSYLVANIA: Progressive 450-bed teaching hospital seeks emer- ALBERT EINSTEIN MEDICAL CENTER
qency physician with three years administrative experience to chair
newly renovated department of emergency medicine Volume 30.000 NORTHERN DIVISION
visits Fxcellent compensation and benefits Lovely community for York & Tabor Roadsfamily iife Applicant should be board certified.qualified in emergency Philadelphia, PA 19141
medicine Contact Jerry Silver. Vice President/Patient Services. Cone-
maugh Valley Memorial Hospital. Johnstown. PA 15905-4398, Equal Opportunity Employer
814 533-9717

PENNSYLVANIA, Chester: Full-time position (40 hours per week) avail
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cy Dept, Presbyterian-University of Pennsylvania Medical Center, 39th PACIFIC PHYSICIAN SERVICES
and Market Streets, Philadelphia, PA 19104, or call 215,662-9350 Excellent opportunities In emergency/

PENNSYLVANIA, Philadelphia: Major university affiliated teaching urgent care/family practice in:
hospital seeks an academically-oriented emergency physician This 0 '
619-bed hospital with a new state-of-the-art emergency department
sees 40,000 patients annually. Candidates for this position should be
skilled clinicians who are dedicated to teaching medical students and
housestaff, and who wish to contribute to the scholarly development of
emergency medicine. Board certification/board preparation in emer- Alaska • California
gency medicine is required. Academic appointments are available at idaho * Oklahoma %

Temple University Medical School. Salary and benefits are com- Oregon Texas '. ;
petitive. Please submit curriculum vitae to Sherman Podolsky MD. New Mexico * Washington .,, ,
Director of Emergency Medicine, Albert Einstein Medical Center,
Northern Division. York and Tabor Rds, Philadelphia. PA 19141. PROFESSIONALISM
PENNSYLVANIA, Pottsville: Two hours from mator metropolitan areas, SECURITY
1-1/2 hours from Pocono Mountains. Two full-time emergency physi- FLEXIBILITY
cians needed to complement existing emergency medicine group.
Candidates should be board certified/prepared in emergency medi- • choice of location ownership equity
cine or internal medicine and possess excellent interpersonal skills choice of practice advancement
Generous compensation and fringe benefits. Submit resume to Dr type flexible scheduling
Ralph Shaw, Pottsville Hospital and Ware Clinic, 420 S Jackson St. guarantee + incentive • relocation options
Pottsville, PA 17901,

PENNSYLVANIA, Western: Small community hospital within commut- Southwest
ing distance of Pittsburgh seeks full-time career-oriented emergency
phisician to toin two full-time physicians, one ABEM certified, one Rosemary Estupinan %
ABEM prepared: ABEM preparation or certification desirable; 13,000 Contact: Pacific Physician Services %
census, progressive department, flexible scheduling, five full days off 12 North Fifth Street
per week, competitive compensation package; opening August 1985. Redlands, CA 92373
Send CV to David J Simon. MD. Director, Emergency Department, (714) 825-4401 '" ,
Ellwood City Hospital, Ellwood City, PA 16117: or call 412/752-0081. Northwest %
PENNSYLVANIA, South Central: Emergency physician needed. Com- Loretta Poschman /-\
mard hospital for two-county ALS system. 43,000 ED visits yearly 1i I.
570-bed teaching hospital designated as trauma and cardiac center. Northwest Emergency Physicians ,

Paramedic education program. Salary commensurate with qualifica- 11808 Northup Way ,
tions and experience. Heart of the Pennsylvania Dutch country, 50 Bellevue, WA 98005minutes from Baltimcre. Reply to LJ Guzzardi MID, FACEPR Director of (206) 828-6799," %
Emergency Medicine, York Hospital, 1001 S George St, York, PA %

17405, 7171771-2450 NORTHWEST EMERGENCY PHYSICIANS
RHODE ISLAND: Immediate and projected full-time emergency physi-
clan sought for university-affiliated hospital with 30,000 annual visits. ciaitv backup, excellent compensation package including multiple
Responsibilities include supervising and teaching family practice, insurance benefits, profit sharing and pension plans and CME allow-
internal medicine, and surgical residents Seeking ABEM-certified or ance Work schedule allows ample time off. Send CV to Knoxville
qualified Competitive salary with many extras Apply to Tony Krembs. Emergency Physicians Group, Blount Professional Building. Ste #6,
MD. Chief of Emergency Med'cine. The Memorial Hospital, Prospect Knoxville. TN 37920 or -all 615/523-6579.
Street. Pawtucket, RI 02860 An Equal Opportunity Employer. TENNESSEE: Experienced career emergency physician needed to

SOUTH CAROUNA: Associate needed for very busy internal medi- jon well-established group in Chattanooga Excellent salary and
cine. family, and occupational practice located in central South Car- fringe benefits Contact Shawn Gazaleh. MD. Director. Emergency
olina Guaranteed minimum compensation plus substantial incentves Medicine 975 East Third St, Chattanooga. TN. 37403. 615,778-7628
and benefits Excelent potential for equity position for the right id TENNESSEE, Chattanooga: Ful-time with established multi-hospital
vidual Considerable growth and expansion opportunity Career-ori-
ented pysicians send resumes to Heaith Innovators 8550 NW 48th o Excellent salary plus fringe benefit program including medical.

St Ft Lauderdale FL 3332t H dabilily ife and malpractice insurance profitsharing plan. etc CV
to, Emergency Medical Associates PO Box 2538. Chattanooga TN

SOUTH CAROUNA: Fuli-irne poStion available in August for career- 37107 615 629 9795 or Chic Thomas 615 842-0657

orintd eereny pysan osla ismoern28.bd LveII TENNESSEE, Nashville: Errergenc department fo -timre position v
facility near Columbia with :30 000 visits ana a, Ex(." ,, I ;or..'pifand ffl~aho wlh m jor eac~no hos tta Se (' ]V ~j o'',Sr~rrt i 

r a r)a e at 00(0 • t)( d nospilal MiJ, t be board certified pr(. ared in
and affiliation with major teachinl hosptai Serri(, V to o 't 5a)ri LM or fiavf I)r,or ED experience Offers physician paftcipation in
MID Richland Memorial Hospil 3301 1rn St (Si ur'T,1, SC 0,i /,.' r", allow, 1roorans ar d emergeiicy jir transport ss
29203 or call 803 765 7533

'''I'1 1 . . ri'' I T fio lr o Enrerijency Corrs tant Inc One 0/ nrd
SUNBELT, Greenville, Mississippi: D ,tacl jof ',0 0)0,,,rro,.f ,)i , , -, P St, 10i I1t,1.t Mi 49770 800253 7.92 r M , raO
lakes and recreational areas r leitJ ,r: ' , .I (1 (j'' A, 63 )

vacations and huntin season rcor, rrr i of$80 rjliiiir TENNESSEE, Nashville: .r., , n',r , , ii, . rrSrl (r),o i

nq on palhooqy and vo,,ee B sy ELD Ai I r ITENNES... ,' N ' vi . .i I , + r .C V .1r Sl ( I I-s .J;

sees 18 500 ratents per -ea' iriS t10 -,rhi.,,, . 'it it IriA ' , i , , ., r',I . 1 p , iri t ii l rr 1r ijt976 New t !000 sq ft d,:;partrr (II~ ,r 250 :; f.ri,''~ ,I ''.' '.r' , **'' .I*

serves as EMS sale t eriter 1< tJ" .-r , U f 1- . i . , i " . , , if (j :%

9
8 ", of patients 1h exc'e1' Itr ti ', ' It .. t.'. ' ' r I L r

service opportlnri A ere , r orr,, i 0 1,i r,,' t i 1 '"

Vi4angjoid providrrorr 11,rCl ) [( I o. ioi i . M/ : , ' Ir TENNESSEE. Nashvillil t 'i

incentive afterS3iears od rlidrr t A t '. t ' , . I I : . , , ...I I :.
Ken Baker Drertorof Ph's .u rlb r Fi, . ' i 'f ' l4 .'-, .

P0 Box 788 Pieasarton, CA -( , , - " I ;, ,
'

484-t200 . , , , . .

TENNESSEE, Emergency Physician: f. , .. ",' 
II

onq-estabishiled arid str 1 l '.. , TEXARKANA - TEXAS AND ARKANSAS:
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gency positions immediately available for community hospital Low
volume, $30 O0ihour. 40-hour shifts available. commuters welcome 5 ~~
malpractice, flexible scheduling Call Jim Marlin Southwest Critical

* Care Associates, 318,,688-2902. PO Box 17977, Shreveport, LA 71138-
0977

TEXAS: Full-time emergency position available in modern emergency
facility in north central Texas. Fee-for-service with minimum guarantee v r odal nie
Malpractice paid. Two years emergency department experience orYo Ar rda Inie
equivalent Send CV and write for application to Emergency Medicine T ~pee~.:e ,-
Consultants, 1525 Merrimac Circle, Ste 107, Fort Worth, TX 76107 or ToVisit With Our Rersnaie
call 817336-8600, metro 429-8881 At The ECI Booth At The
TEXAS: Group ED practice opportunity Completing local group for
185-bed community hospital with 21.000 visits (18,000 last year) Trau- ACEP 1985 Scientific Assembki
ma center designation in progress, full specialty backup On-site FP
residency with ED rotation, active nursing education department. and In Las Veas, Nevadra
hospital-based paramedic ambulance service require commitment to
teaching US-trained physicians who are nearing or have completed S-tm e 9-12, 1985
ABEM preparation/certification with high volume ED/trauma experi-
ence One year provisionary status at 95-100K followed by full associ-
ate position if compatible Send CV to ACEP Box 881, P0 Box 619911,
Dallas, TX 75261-9911

TEXAS: Physician wanted Guarantee $30/hour or parcentage of
gross, whichever is greater Liability malpractice insurance paid, flexi-
ble schedule. Growing community one hour drive from Houston on A program of total commitment.. .
edge of "Big Thicket 'Write LV LeBoeuf, MD, P0 Box 7530. Beaumont,thtsheE Icrred .
TX 77706, call 409'898-2445 or 409'755-2623

TEXAS, Dallas Area: Associate medical directors needed for FEC v
expansion in Dallas area by national corporation Full- and part-time Eg Jmergency
positions also available in existing FECs Incentive pay plan, malprac- I A o s la tIc
tice paid DD Stringer. MD. 14902 Preston Rd. Dallas, TX 75240 L o s la tI c
2141980- 1010

2240 South Airport Rd. * Traverse City, MI 49684
TEXAS, Denton, Gainesville, Sherman, and more: Full-tinie positions (800) 253.1795 (outside Michigan)
available in these growing Texas cities Small group serves both EDs (800) 632-3496 (inside Michigan)
and FECs US education required Call Mrs Neu, Numed Systems, Inc.
817/566-1936%

TEXAS, Fort Worth, Sherman, Clellume, Azle: Excellent opportunity ,?
for physicians with established emergency department group Experi-
ence reguired. Malpractice paid Fee-for-service with minimum guar-
antee Flexible scheduling Accepting applications for full- or part-
time Send CV to Emergency Medicine Consultants, 1525 Merrimac tals $30-1hour starting, malpractice insurance paid Send CV to ACEP
Circle, Ste 107. Fort Worth. TX 76107 or call 817.336-8600 metro Box 919. PO Box 619911. Dallas. TX 75261-9911
429-8881 TEXAS, Panhandle: Full-time position for physician EM or FP qualified
TEXAS, Houston: Full-time career position is available in two hospital Progressive new 126-bed hospital with cooperative medical staff low *4

EDs in north Houston 1960 area Census 1,000-1.800. competitive volume ED. flexible scheduling. 75.000 - range Call or send CV to %f
compensation. fee for service Amiable and easy-going emergency Earl Hotter MD, RtI 1Box 11I-A Pampa TX 79065 806 665-6166
physician needed with experience in major trauma and acute care TXS a neo usadn poknt f io mfec

The hyscia mut hve is wn alprctie isurncepolcy end family practice clinics Guaranteed $ 100 000 for -ldWV week 1,3-hrCV to Emergicare Associates. 4305 Westheimer. Houston, TX 77027. days). 50 weeks year Profit sharing above guararitee Caritacl Bill713 960-1210 Bass. MD, Shamrock Clinics 4208 College Hi/C Sani Anigeic TX

TEXAS, Houston: Quality-oriented emergency medicine group of 76904. 915 942-8611
hodrd-certified -prepared physicians seeking applications from ca- Alrn~ve:osnrsitrrhai.n
reer-minded emergency physicians Group staffing three EDs at the for mnedical clinics arid hospital irmergoncy dia)itnieritS H-ourlv,
present lime Fee-taor- service, independent contractor status with mini- pecnaete irbsmrtrrlfciepioSldV liJw
mumr hoi ny guarantee Consideration given to applicants with US peylrentag typ Breimbuer aty- TXd 7571rau 'Cae L'14 58t Se 13V~ o r
rni,id1ency traintig in emergency medicine or at least two years of ED Tylr40 Boaw ti'X770orc-1.08.0 .

* ltIwrlfnnca Senid CV to STEP 6910 Fannin Ste 307N Houston TX VIRGINIA: Caree r en-erqencv fvicai sougchltf l fiji-1m enmer-
7 7130 7'3 795 0681 Tgenncy departrinrit staff piioriis tit bed trosliriti ,ri piedrrioi VA

TEXAS. Longview, TyWe Greenville: Fuiltirne positions available 40 000, Crimirisits wirtho $80- 000mi riii mrmnati rl time tjmjsiest
ii j ,tmL rte4 (imfpensatiori of $70) 000 to $100 000 prer year ho rCorrprair ii provthed $8() 11 anon jIlnd(r [lnr monril

A Ii 4c I n a ind houriy guaranitef- Fexibin sche~dulirig tLJii t 111(uiO~l 0 Fitif ui o ut Sit twom VA ( ,3A' iwari
aort~ #rvi w. I orihan Brernda Lancaster LrnCare 3600 Gaston rceif 80 Yi-vm,1 iii tt VA f-Ii 8 (S~00 51)?!Wiri;ru r VA. 2.320 o

',1, 80,1 Txa aII 0 I Texas 214 823-6850 out of state toil free Ci 0 ,ibl iV 0i51'l i rb- h mt
H010 )"I 2 1 1 VIRGINIA: rinwqibrm ( milini u.tp, ~iI. iiitilil

TEX"~A, L..ailir: Li-lriiaril i 1 i tn to ff lisirhia vai-aie ,,im l~rt Iiiiil iil.,it 'lllifiq 1,-, il q ii 11 i - -ItA', %

hdir!1- [/' I ii'n 1i rtia.,iiae tp ; $10 rporat) ion 3i1a 1 CotS 211h ilt 1) .11ii burr~ I )I!i(((i l ! OiVI Wili Ati fTl lfll- in I , III Inm ( ti tr

,,i- 'll l "-riiaf 11 sem (.hm440lmr .31(1 P-2l S t, l I 53 'WSl iii 16 iVA i, ri0.i1 i r-i, "i--, 800 lihi

iir 1 r I '' t it'WiEi/r.-'e i ,a ii f - . .. I,-, NORTHERN VIRGINIA, Metropolitan Washington, DC, and Pennsylva- 4.

- i I li 'itt, 1n,' jovi- opw g~ii r,i II 'jul f'tn IIt tii~i iiir ,, ,r, 1.( IT .11:) ll ii ii1ii I i4i I Ar ( I-, to %
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available now Send CV to Raymond E Kania, DO Medical Director
Emergency Department Kennewick General Hospital, 900 S Auburn
Kennewick, WA 99336 ,

TRAUMA WASHINGTON, Puget Sound: Local independent fee-for-service
group staffing low-volume emergency department seeks additional
physician, residency trained or with two years experience Excellent
remuneration for volume of just over 10.000 150-bed hospital with
excellent partnership available after one year if mutually agreeable

l-2l ERespond with CV to Puget Sound Emergency Medical Consultants,
Box 97335. Tacoma, WA 98497 or call 206/582-1900

In A Sb "d A M~tY.. WASHINGTON, DC: Emergency physicians needed for hospital o-
cated in metropolitan DC area Board qualified in emergency medi-

..The DENCO /Emergency Department Trauma cine or board certified in the primary specialties with a minimum of 18
Center of the Ohio Valley Medical Center, Wheeling, months ED experience required. Hourly compensation as an indepen-
West Virginia. dent contractor with malpractice provided For further information
Opportunities available for experienced Physicians contac: Linda Johnston, Coastal Emergency Services, Inc. 1730 N
of various specialties* in this ultra modern unit. These Lynn St. Ste 401, Arlington, VA 22209 703/841-0333
Physician positions boast a competitive annual sal-
ary and benefits package that includes malpractice WASHINGTON, DC: Full-time positions available in community hospital
insurance, emergency departments in the DC, suburban Maryland. and Hac-

The Medical Center is situated in a small metropoli- kettstown, NJ, areas, run by growing corporation responsive to your

tan area, rated the Number One crime-free commu- needs Qualifications personable physicians, board certitied/pre-
nityin thecountry. It iswithin easy reach of Pittsburgh, pared in emergency medicine, with ACLS certification. ATLS pre-
Columbus, and Cleveland, thus offering the best in terred. Excellent remuneration and benefits. Send CV to Gary Lang-
both small town hospitality and large city con- ston, MD, 9901 Medical Center Dr. Rockville, MD 20850
venience. West Virginia University is within easy com- WN E i orl
muting distance and members of the department may WASHINGTON, DC AREA: Immediate employment opportunities avai-
obtain clinical appointment at the University. able for emergency physicians, family practitioners, and housestaff to
Please feelfreetosendyourconfidentialresumeto: service emergency departments and walk-in medical clinics in thes fsuburban MD/VA area. Send CV to Steven Remsen. MD. 8401 Corpo-

O N E/M E D  rate Dr. Ste 470. Landover MD 20785, or call 301/731-6948 s n-"_

P.O. Box 6879 WEST VIRGINIA: Immediate opening at a 265-bed acute care hospital
Wheeling, WV 26003 located in southern West Virginia and southeastern Virginia serving a

'Internal Medicine, Family 120.000 service area with 18-20,000 annual ED visits. One hundred
Practice, and Emergency physicians on staff with mator subspecialty cover, including neu-
Medicine rosurgeon. 24-hour radiology, laboratory, and cardiopulmonary ser- -.

vices. ATILS and ACLS required Excellent salary and benefit package -
available. Send CV to ACEP Box 932. PO Box 619911, Dallas. TX~~~~~75261-9911. ",;'.

WEST VIRGINIA, Charleston: Excellent opportunity in emergency,'
urgent care. Full-time positions avaiiable immediately Volume approx-

paid Please reply to ACEP Box 925, PO Box 619911, Dallas, TX imately 25,000 visits per year Unique set-up or urgent care and
75261-9911 emergency care in same setting, double coverage Prefer career-

NORTHERN VIRGINIA, Metropolitan Washington, DC, and Penneytva- minded, experienced physicians with residency training in EM, FP. I M.

nia: Well established physician-owned group practicing emergency or surgery Compensation approximately $90,000 plus for approx-
medicine over 23 years staffing high volume emergency departments imately 45-hour week Contact R Capito. MD. P0 Box 432. Dunbar, WV
and urgicenters invites experienced physicians who are making emer- 25064. or call 304.768-3961
gency medicine their specialty to loin dynamic, expanding organiza- WEST VIRGINIA, Parkersburg: Established five-man emergency de-
tion Emergency medicine residency prepared or ABEM certified partment group has immediate opening for physician career oriented
given special consideration Salary and benefits package approx- in emergency medicine Physician group provides emergency ser-
imately $70 000-$90 000 first year with progressive increase to full vices to St Joseph's Hospita Center Area is located in scenic city of
partnership Potential to grow within organization and management
opporttniheS a real possibility Please send CV and references to John
P McDade MD Alexandria Physicians Group. Ltd. 8101 Hinson Farm
Rd Ste 209 Aiexandria VA 22306

VIRGINIA, Richmond: Seeking residency-trained physicians for full-
rre emergency department positions Two facilities with a combined

patient voirne of 50 000 plus Hourly compensation plus malpractice
ins ,rarirze rirovuded For more information contact Emergency Consl -
tarts Irc Ore W,ndemere PI Petoskey MI 49770 800,253-7092 ,TA-1
.'I Mchirjw, 800 632-9650 PI

Board prepared or certirled in internal medcine or emerlency medicine to *
VIRGINIA, Soutfhist Mountains: Fi;I itime position available in medi- join six physician Trauma and Emergency Center in a i8 physician, multi.

specialty group with attached 447-bed hospital. New clinic building recently
r - 0 rf jrr , m V,r rcnsptat with 13 000 annual visits Prefer career- completed The Gunderson Clinic is located In a progressive community or

ere,,rfri(,rer y physician Benefits include attractive hourly 50.00O with expanding university and private college Culturaland recreation
"t facilities. Beautiful setting. good schools. Excellent pension program. no in-

o- r'sthor r'naractlre onsurance CME compensation Good vestment required. Service organization. Write.
rt' ra(, ktjp Abundant trie off to er,:oy scenic area Contact Twin leuci A, rolandee. M.D. ..
(ji .'iCor'-,il y Hospital 200 Hospita Dr Galax, VA 24333 Chairman Persoanel Committee

703 '1,68181 ,,i151)Gundenta Clinic, Ltd.
032 26 818 ,,t 355 1836 South Avenca

Le Cro.si. Wisconain S4601-
WASHINGTON: F, i !me pon0ton E T F located in eastern Washington P___._
G,,ararlee , FS D,rpr torshfp availabe Contact L Poschman Physi- Gundersen Clinic, Ltd.
ctan Se.rvir;-e , 

1180H Northup Way S;e 100 Bellevue WA 98005 1836 South Avenue
206 f28 2Hf799 La Crosse Wisconsin 54601
WASHINGTON, Kennwick: Excellent opportunity to join our fee-for-

serv.f qro,,r 24 000 annual visits active paramedc visits prefer
career-orierite emergency physician with ATILS ACLS Position is
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65,000 with 35,000 annual emergency department visits Hospital has
seven fully-equipped modular advanced life support vehicles and 17 1985
fully-trained paramedics CV to Van Elliott, MD. Director of Emergency PLACEMENT DISPLAY RATES
Medicine Services, St Joseph's Hospital Center, 19th St and Murdoch
Ave, Parkersburg, WV 26101 304/424-4111 ext 4222 EDE.

WEST VIRGINIA, Wheeling Hospital: Emergency/Trauma Department
Seventh and last position. 275-bed regional referral hospital with com- 1 page 7" x 10" 1 $1030
prehensive 24-hour on call backup. Active trauma program. Double 1/2 page 3'/2" x 10" 1 $730
coverage and choice of 8/12-hour shifts. Faculty appointment possi-
ble Six figure package includes benefits, insurance, over six weeks vertical

off Near Pittsburgh Send CV to Daymon Evans, MD, FACEP Wheeling 1/2 page 7" x 5" 1 $730 ',,..
Hospital, Emergency/Trauma Center, Medical Park, Wheeling, WV horizontal 'J."t
26003. hr.na

WYOMING: Physician-owned emergency group has opening for full- 1/3 page 7" x 3 4" 1 $560 '.-
time career-oriented emergency physician. Flexible work schedules, horizontal
ideal working and living conditions available, Contact Donald L Cant-
way, MD, or Sheldon K Truax, 307/745-3169; or send CV to IntraWest 1/4 page 3'/2" x 5" 1 $450
Medical Services, PC, P0 Box 1649, Laramie, WY 82070. 1/6 page 3 2" x 3/" 1 $425

1/8 page 31/2" x 2/" 1 $390

Business O pportunities naddition charge will be added for typesetting.Send your placement display advertising to Annals of

EMERGENCY PHYSICIANS: If you are an emergency physician mak- Emergency Medicine, POBox619911,Dallas, TX75261-9911. Dead-
ing a steady income, perhaps you might want to consider the pos- line for September 1985 display ads is July 19. Deadline for October
sibility of owning medical centers on the side which can realize you a 1985 display ads is August 20.
six-figure income per year for approximately 10 hours of work per
week. For information call 312/349-4800.

FEE-FOR-SERVICE PATIENT BILLING/MANAGEMENT SERVICES: We KY 40207: or call 800/626-2040 or 502/893-8100.

specialize in fee-for-service billing and collection for hospital-based TEMPORARY MEDICAL OFFICE, Minor Emergency Center: 2-wide
physicians and are presently managing accounts nationally with inter- 60'x14' trailers with walls and counters arranged for a busy family and
nally-developed programs designed exclusively for this purpose. We occupational practice presently seeing 80 patients daily. Owner wish-
have over ten years of experience, and we will put any or all of our es to sell or lease with purchase option. Currently located in NW
services at your group's disposal. For complete information, write Missouri. Contact Health Innovators, 8550 NW 48th St, Ft Lauderdale,
Emergency Medical Systems, Inc, 4010 Dupont Cr, Ste 700, Louisville, FL 33321: 305/748-9100.

PLACEMENT ADVERTISING RATES
Sixty words or less, $40 per issue; $2 for each additional word. To determine the cost of your ad, count each group of letters or numbers
bounded by spaces as one word. Examples: EM, 1 word; 214/659-0911, 1 word; Ronald L Krome, MD, 4 words. Five dollars per issue
additional for American College of Emergency Physicians confidential reply box. Send your placement listing to Annals of Emergency
Medicine, PO Box 619911, Dallas, TX 75261-9911; 214/659-0911. Deadline for September 1985 placement ads is July 19. Deadline for
October 1985 placement ads Is August 20.

%~ %

'. o-

* *.--..-'

184 Annals of Emergency Medicine 14 8 Au!ijki, 1985

%e % %V % N



[M

iR1,

gI7f1E}

I Z .Z - . - .- -.. r . . -,V'.,,o .'-w- .- ' . . w -w", - -w-. . w-,-',.% , %¢- -% -



ML
gflE

% W% % --. w


